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Edward Skinner King (1861-1931) 


By CECILIA H. PAYNE 


The life work of forty years, dedicated to the advancement of astron- 
omy, was ended when Professor Edward Skinner King died in 
Cambridge on September 10, 1931. When, as a young man, he took up 
the task, he found the science near a turning point. With striking fore- 
sight he envisaged an exploration of the new territory; and he lived to 
see his work essentially completed in the form in which it had been 
planned. The problems that he confronted were of the most funda- 
mental kind—problems that tax the endurance of the worker because 
of their laborious nature, and their slowness in coming to fruition. But 
fundamental problems have also their reward, and Professor King 
was one of those who can be conscious of having laid the permanent 
foundations of their science. 

Mr. King was born in Liverpool, New York, on May 31, 1861. Ilis 
paternal ancestors brought him a scholarly tradition: four generations 
had been highly educated, and when, in 1927, he received an honorary 
degree from Hamilton College, he was repeating the achievement of one 
of his grandfathers. In 1887 he was graduated as Bachelor of Arts 
from Hamilton College, and received the degree of Master of Arts 
there in 1890. During his college days he was primarily interested in 
mathematics, distinguished himself in that subject, and won the Mathe- 
matical prize. The professor of mathematics and astronomy at Ham- 
ilton College at that time was Dr. C. H. F. Peters, and to his interest 
and incitation Mr. King’s first entrance into astronomy is to be ascribed. 

Professor Peters, having taken Mr. King for his own assistant and 
realized his quality, sent him in 1887 to Professor Pickering, who had 
then been ten years Director of the Harvard Observatory, and who was 
still on the threshold of the great advances that took place in the Ob- 
servatory under his guidance. Pickering found in the shy and diffident 
young man a person who could undertake responsibility, for within two 
years Mr. King was left in charge of the Harvard station near the 
summit of Wilson’s Peak, California, and close to the present buildings 
of the Mount Wilson Observatory. 

In 1890, after his return from the Mount Wilson station, Mr. King 
married Miss Colson, of Batchellerville, New York, and with her he 
shared the remainder of his life. Two of their children survive him; 
the third, Everett Tryon, died in 1918, cutting short what gave promise 
of being a distinguished career. The first few years of his married life 
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were clouded by failing sight, but in 1893 his eyes were so far strength- 
ened that he was able to return to his temporarily suspended duties at 
Harvard. Thenceforward until 1931 Mr. King superintended the ex- 
tensive and growing photographic work of the Observatory. 

In 1887, when Mr. King first joined the staff of the Harvard Observa- 
tory, little or no systematic photographic work had been done either 
there or at any other Observatory. Under his supervision, and as a part 
of the ambitious plans that the Observatory undertook at that time, two 
extensive programs were undertaken: the standard testing of all photo 
graphic plates used, and the photographic photometry of astronomical 
objects on a uniform scale. 

At present it is difficult to visualize the magnitude of the task under- 
taken in the setting up photographically of a uniform photometric scale ; 
both the technique and the logical basis of the method had to be devel- 
oped ab initio, That clearness of perception guided the planning, and 
that the utmost accuracy was observed in carrying it out, are shown by 
the permament status still occupied by the first photographic magnitudes 
of stars determined by King. For the bright stars (to which alone his 
work extended) his determinations of photographic, photovisual, and 
red magnitudes will long be standard, and this in a branch of precise 
astronomy that is notoriously difficult of conquest. 

An example of the accuracy of the work is worth quoting. In various 
papers on the photographic magnitudes of bright stars, published in 
Parts 4, 5, and 6 of Volume 59 of the Harvard Annals, the standard of 
reference had been the brightness of Polaris. When, later, the Pole Star 
was found by Hertzsprung to be variable, Mr. King examined the 
residuals for the plates standardized by means of this star, in order to 
find whether the variability of the standard could be detected. “There 
is no doubt,” he wrote, “. . . that there is a real variation in the light 
of Polaris. [The figures] all show practically the same curve, of sub- 
stantially the same form and amplitude as Hertzsprung’s, and confirm 
his discovery . . . | think it should be noted that no special plates or 
measures have been used to obtain these results. All the material has 
been derived from matter already in type.’” When it is recalled that the 
measured amplitude is a little over a tenth of a magnitude it is clear to 
any one who has attempted photographic photometry that the precision 
of the measures must have been remarkable. 

The program of standard tests of photographic plates, a far-sighted 
plan in 1887, and implying a very real grasp of the nature of the photo- 
metric problem at its very outset, was carried on continuously for forty 
years. In addition to the valuable specific information about the plates 
used, this work made Professor King the master of a wealth of knowl- 
edge about photographic method. Again and again an_ enthusiastic 
novice would take to him a plan for some minor technical device in 
photographic photometry ; only to be told, with a humorous twinkle: “I 
tried that ten years ago; it won’t work,” (a discovery more than once 
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privately confirmed by the sceptical). Some of the fruits of the photo- 
graphic experience of forty years are stored in Mr. King’s “Manual 
of Celestial Photography” ; some persist, unacknowledged it may be, in 
the practice and routine instructions of the Harvard photographic de- 
partment; as many more, perhaps, have been lost to us. 

The three great programs: supervision of the Harvard Observatory 
photographic work; standard photometry; and standard plate tests, 
faithfully pursued for forty years, would in themselves be a satisfactory 
life work. In regard to the first of these, Dr. Shapley, Director of the 
Harvard Observatory, wrote in the foreword to Professor King’s 
“Manual” : 

“Hundreds of thousands of celestial photographs have been made 
with the Harvard telescopes within the past forty years, adding appre- 
ciably to our stock of knowledge of the sidereal universe. A large pro- 
portion of these plates has been made under the supervision of 
Professor King, the author of this volume, who has thus been direct] 
responsible, in both general methods and particular details, for the pro- 
duction of more celestial photographs than have been made by any 
other living person.” Photographic astronomy will for decades be 
indebted to Professor King for much of its immediate subject matter. 

In addition to the routine program, Professor King’s work abounds 
in ingenious methods, sometimes with important results. He was the 
first to photograph the spectrum of the Aurora Borealis, and he devised 
a method for the photographic observation of the occultation of stars 
and planets that is elegant in its simplicity. It is well known, also, that 
he was an independent discoverer of the Hartmann-Cornu formula, al- 
though he did not publish his result until long after Hartmann had done 
so. Better known, perhaps, are his determinations of the apparent 
magnitudes of the sun, moon, and earth (the latter by means of the 
intensity of the light reflected from the unilluminated portion of the 
new moon). 

The lifetime of punctilious scientific work did not go unrecognized. 
Mr. King was successively Observer (1887-1913), Assistant Professor 
(1913-1926), and Phillips Professor (1926-1931) at the Harvard Ob- 
servatory. His tenure of the Phillips Professorship ended on Septem- 
ber 1, 1931, and this moment was the occasion of a sincere and spontan- 
eous expression of regard from every member of the staff of the 
Observatory. He practically lived out his life in office, surviving his 
resignation only ten days. He was a Fellow of the American Academy 
of Arts and Sciences, a member of the American Astronomical Society 
and of the Société Astronomique de France, an HH 
the Maria Mitchell Association, and a member of | 
1926 he received the honorary degree of Sc.D. from Hamilton College 

Mr. King possessed a lifelong friend in Professor Solon I. Bailey, 
who joined the staff of the Harvard Observatory in the same year, and 
whose death occurred in June, 1931. During the last days of his life, 
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weakened by illness and not unaware of the inevitable outcome, Mr. 
King devoted his energies to writing a beautiful and sincere tribute to 
the memory of his friend.* It is common to such biographies that they 
describe much of the character of the writer as well as that of the 
subject, and the reader will find in it not only Mr. King’s charming 
style of writing, but also a reflection of the aspirations that shaped his 
own life and of the tastes that colored it. 

To his colleagues Professor King remains a very individual figure: 
profoundly faithful to his work, and intensely loyal to the Observatory. 
During his supervision of the photographic programs, he was infallibly 
present at the Observatory on every clear evening, except during his 
brief vacations (and sometimes even then). Those who sought his 
advice in scientific matters found in him a careful and valuable critic, 
always ready with his fund of accumulated knowledge. 

Another side of Mr. King was probably known to only a few. He de- 
lighted in books, and treasured those which had the flavor of antiquity. 
The discovery of a common passion for old classical texts would bring 
him often to one’s office, diffidently producing one of his treasures to be 
admired. At such times he would lay aside some of his shy manner, 
and appear as a delightful raconteur, ranging widely over the depart 
ments of human interest. 

It is, perhaps, fitting to close with a tribute from the friend to whose 
memory Professor King devoted some of his last energies. Professo: 
Bailey, writing to Mr. King only a few days before his own death, 
spoke in retrospect of his friend’s life: 

“To have done work which is widely recognized, to have gained the 
sincere esteem of many and the real love of even a few, surely these are 
sufficient reasons to look on life as well worth the living.” 

HArvVARD COLLEGE OBSERVATORY, JANUARY 10, 1932. 


*PopuLAR AsTRONOMY, 39, 456, 1931. 
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Planet U, and the Orbits of Saturn and 
Jupiter 


By WILLIAM H. PICKERING 


The first person to detect that there was something very unusual about 
the orbit of Saturn was that important, but comparatively little known, 
planetary computer, the late Dr. George W. Hill. His tables of 
Saturn are still the standard ones after more than thirty years. Ac- 
cording to Crommelin, Hill remarks “The residuals of the R.A. of 
Saturn frequently show a systematic character * * * All the efforts I 
have made to detect periodicity in them have led to no result * * * Either 
some error has been committed in the theory, or some force acts on 
Saturn of which we know nothing, or the observations are affected with 
systematic errors.” The italics are mine, and Hill’s two other sugges- 
tions are improbable for such large deviations. 

In PopuLtar Astronomy for 1929 I published three papers on the 
subject, in which I showed that there were two possible solutions of the 
problem. The one which I selected was that Saturn was attended by a 
very remote satellite whose period apparently was 26.18 years, but was 
really 13.86. This extraordinary difference was due to the very long 
period of the satellite, nearly half that of Saturn, as shown in my first 
paper. Its mass was computed to be 0.42 that of Titan, or 0.78 times 
that of our Moon, and it was revolving about Saturn with a direct mo- 
tion. By the introduction of such a hypothetical body the average devi 
ation in longitude of Hill’s orbit between 1860 and 1928 was reduced 
from +0”.54 to +0”.27. For comparison we may state that the aver- 
age deviation of the longitude of Uranus between 1854 and 1897, while 
it was unperturbed by the unknown planet P, was +0".34. I also 
showed in my first paper that, although the satellite had apparently made 
only 2.5 revolutions about Saturn in that time, yet, owing to the great 
difference between its apparent and real periods, it had really made 5.0. 
Figure 1 is taken from that paper, 1929, 37, 212. The upper row of 
observations, extending as far as the year 1900 is a plot of Hill’s devia- 
tions in heliocentric longitude. After that date published deviations of 
Greenwich and Washington were used, as there described. The second 
row shows these deviations after they had been adjusted by the 
sinusoidal method so as to better fit the case of a satellite. The third 
row shows the improvement effected by the introduction of such a 
hypothetical satellite. It will be noticed that this improvement exists 
only for the last 70 years. 

The difficulty in predicting the present position of the satellite was 
two-fold. In 1911 Washington made material changes in their transit 
instrument, and in 1915 Greenwich made other changes in theirs. This 
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produced in each case a marked hiatus, amounting to between 1” and 2” 
of longitude in their results, but still worse, their measures of the lati- 
tude of the planet also differed greatly, giving different nodes and in- 
clinations, so that we did not actually know at that time whether Saturn 
lay to the north or to the south of its computed place. Indeed the lati- 
tude curves were so unlike that it was impossible to combine them, and 
so two diverse solutions of the problem were computed. At the Lick 
Observatory photographs based on the Washington measures gave no 
indication of the satellite. At Mount Wilson a considerable number of 
plates were taken, but unfortunately, owing to some misunderstanding, 
not in the predicted place according to the measures made at Greenwich. 
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We have just spoken of there being also two different methods of 
solving our problem, one being to consider the unknown object as the 
satellite above mentioned, and the other to treat it as a small companion 
planet to Jupiter, having an analogous relation to that planet as Pluto 
has to Neptune, and as Eros has to the Earth. Both of these solutions 
appeared to imply the very serious objection that any body sufficiently 
massive to produce the effect observed on Saturn should be so bright as 
to have been discovered telescopically long ago. This statement is based 
on its mass relatively to Titan and to Pluto. As a consequence, since it 
has not already been discovered, it would appear either that its albedo 
must be exceedingly small or else that the density of the little body must 
be very high, both of which suppositions seemed to be unlikely. No 
one has as yet succeeded in measuring the angular diameter of Pluto, 
although several have doubtless tried to do so, and no one as yet has 
even confirmed the statement of M. Baldet, made in 1929, who, using the 
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32-inch refractor at Meudon, declared that the diameter cannot exceed 
4000 miles. It would appear that M. Baldet’s observation requires 
conhrmation. 

The chief reason why I disregarded the second solution two years 
ago, and selected the first one in its place, was that the second hypothesis 
involved an object averaging some ten times farther from Saturn at 
conjunction than the first, and therefore apparently much more massive, 
larger, and brighter. It would also be appreciably nearer and more 
brilliantly illumined by the Sun, and therefore more likely, if genuine, to 
have been previously discovered. We shall later show that this ob 
jection does not necessarily hold. We shall therefore now discard the 
so-called theoretical satellite U, and replace it by a small theoretical 
planet bearing the same designation, and as we shall presently see, in 
some respects resembling it. 

Very fortunately since my last paper on the orbit of Saturn was pub 
lished, a very important one on the orbits of Jupiter and Saturn by 
Messrs. Hammond and Morgan has appeared in the Astronomical Jour- 
nal, 1930, 40, 85. It contains a revision of the orbits of these planets as 
observed at Washington from 1895 to 1929 inclusive. It gives their 
observed deviations in right ascensions and declinations as well as in 
longitudes and latitudes, but does not state whether the latter are helio- 
centric or geocentric. The headings of the columns A and 8 might imply 
the former. A recent letter, however, states that-they are the latter. 
Greenwich has also published a revision of its results in geocentric co 
ordinates, from 1900 to 1928 inclusive, in the J/onthly Notices, 1929, 
89, 260. For our purposes it would have been better if both observa- 
tories had given heliocentric coOrdinates. As far as the longitude of the 
unknown planet is concerned, whether geocentric or heliocentric makes 
little difference, but for the latitudes we should subtract 5 per cent for 
Saturn from the published results, and for Jupiter 10 per cent. In 
plotting the curves, however, we shall use the published figures. Since 
the Washington and Greenwich observations of these planets now agree 
very satisfactorily, we shall use them in this paper as far as is possible. 

In plotting our results in Figure 2 the heliocentric longitudes 
corresponding to the published dates have been used as abscissas, and 
the published deviations as ordinates, the approximate dates being 
placed at the bottom of the figure. The upper curve shows the deviations 
in longitude, and the lower those in latitude. Positive ordinates indicate 
that the known planet is ahead, or to the north of its computed position 
The Washington observations, as formerly, are indicated by circles and 
those of Greenwich by inclined crosses. In most cases two series of 
observations are available, and the points midway between them have 
been joined by a broken line. Single observations are not so connected. 
It is of course understood that each so-called observation is the mean of 
a long series made on different nights. In only two cases have observa 
tions been rejected for exceptionally large de viations lhe onlv curves 
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that we have that will show what changes have been produced by the 
recent revision of the deviations, are the upper ones of Figures 1 and 2 
between the dates 1895.4 and 1927.4. By them it will be seen that the 
dates of maxima and minima are in general in practical agreement, al- 
though the amounts of the variations vary somewhat among themselves. 
We feel that we may therefore safely use the longitude of the minimum 
of 1872.6 taken from the table number III published with the curve of 
Figure 1 in 1929. The corresponding heliocentric longitude for the 
former date, and not corrected for precession, is 289°.8. The two 
minima shown in Figure 2, which we shall call the second and third, are 
for 1899.4, heliocentric longitude 261°.1, and for 1926.4, longitude 
233°.1, and are indicated by vertical crosses above the curve. It will be 
noticed that we are here using the minima of the curves for our compu- 
tations instead of the maxima as heretofore. The reason for this is that 
in the present case the unknown planet is revolving in an orbit within 
that of the known one, and therefore overtakes it instead of being over- 
taken. In the former cases the unknown planet first pulled the known 
one forwards, and then after conjunction backwards. In the present 
case just the reverse occurs, the unknown first pulling the known one 
backwards, and then later forwards. 

It is very clear by the upper curve of Figure 1, as above noted, that 
prior to 1861 for some unknown reason the deviations are so irregularly 
disposed that nothing can be done with them. This is strange, because it 
does not seem likely that the observations of Saturn suddenly became 
good, or rather ceased to be bad, in the year 1861, for the observations 
of Uranus were just as good, with only small deviations, in 1854 as they 
were in 1897, throughout the long period during which that planet was 
unperturbed by any unknown large outside planet, as we have seen in 
my former papers. The long interval between the two minima in 1872.6 
and 1926.4 of 53.8 years, when divided by 2, gives us as an overtake 
period of Saturn and U 26.9 years. The corresponding true period 
in a circular orbit would be 14.0. We shall presently show that it is 
really 13.93. The apparent period of satellite U we recall, by my third 
paper, was 26.18 years, and the corresponding true period 13.86. As 
a planet it now revolves, however, at a much higher speed than on the 
former supposition, since its orbit now centers on the Sun, and its cor- 
responding mean distance is 5.79, as compared with that of Jupiter and 
Saturn of 5.20 and 9.54. Its mean distance from Jupiter at conjunc- 
tion is 0.59, and from Saturn 3.75. The two outer satellites of Jupiter 
are at a distance of 0.16 from their primary on the same scale. Its 
orbit intersects that of Jupiter, and the little planet therefore sometimes 
lies nearer to the Sun. When the line of nodes of its orbit passes 
through the intersection of its orbit with that of Jupiter, U would pass 
through the satellite system, but long before that event could occur the 
orbit of U would generally be greatly perturbed and changed by the 
great planet. 
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Since at conjunction U always lies nearer to Jupiter than to Saturn, 
and because it stays much longer with it, since their periods are so 
nearly equal, we might naturally suppose that it would perturb that 
planet much more than it does Saturn. Doubtless it does do so, but 
because they do stay together so long, and because the perturbation takes 
place so gradually, these are the very reasons why the effect does not 
show as conspicuously as we might expect. Indeed its effect is partly 
included in what is therefore really an erroneous theory of Jupiter. In 
case it and U both moved in circular orbits their overtake period would 
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be 80 years, but since the orbit of U is quite eccentric, as we shall pres- 
ently show, this period may vary through a small range. 

igure 3 is taken from ligure 4 of “The Next Planet beyond Nep- 
tune,” PopuLAR Astronomy, 1928, 36, 150, and shows the deviations in 
longitude of Neptune as perturbed by Pluto before I applied the 
sinusoid curve to correct them, and give them the proper shape of a 
perturbation curve. In my recent paper on Planet P, PopULAR AsTRON- 
omy, 1931, 39, 386, Figure 2, I show the standard form of perturbation 
curve derived from the present Figure 3 after a suitable sinusoid has 
been applied. In Figure 4 of the present paper are given two curves 
for the planet Jupiter, analogous to those shown in Figure 2 for Saturn. 
The peak in the upper curve occurring in 1905 and the depression in 
1910 are each derived from a single year’s observations. Disregarding 
them, a fair degree of resemblance is found between [Figures 3 and 4, 
and we see that just as a sharp change in the curve for Neptune may 
be recognized in 1904 at longitude 95°, where the sudden drop in the 
perturbations begins to occur in igure 3, even before applying the 
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sinusoid, so a similar drop occurs in the perturbations of Jupiter in 


1922.3, at longitude 195°.3 in Figure 4. 


And just as in the case of 


Pluto, the maximum perturbation after applying the sinusoid occurred 
one year and a half earlier in 1902.4, PopuLAR AsTRONOMY, 1930. 38, 
88, so in the case of U it occurred a year earlier in 1921.2 at longitude 





164°.7 as is indicated by the vertical cross. Since in this case U is more 
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remote than Jupiter maximum ordinates are employed. 

We thus have four dates when planet U exercised a maximum per- 
turbation on the planets Jupiter and Saturn, and we also have the helio- 
centric longitudes of the two great planets upon these four dates. But 
we must now recall that the maximum perturbation of the known planet 
does not occur at the time of its conjunction with the unknown, but 
always several years later. This is a distinct help in finding the longi- 
tude of the unknown. In case the orbit of the known planet lies inside 
the orbit of the unknown, as in the case of Jupiter and U, since Jupiter 
is travelling faster, usually, than U, we must subtract a number of de- 
grees from the longitude of the known planet on the date of its maxi- 
mum perturbation to find the longitude of the unknown. On the other 
hand, if the known planet is farther away than the unknown, as in the 
case of Saturn and U, the latter will be travelling faster, so that we 
must add a certain number of degrees to the longitude of the known 
planet to give us the longitude of U. In the case of Uranus and Nep- 
tune the proper correction to be made to the longitude of the known 
planet in order to give us the longitude of the unknown one (Neptune) 
we found to be —8°.2. In other words this was the angular distance 
between them as seen from the Sun at the time of the maximum per- 
turbation of Uranus. This gives an angle between the Sun and Nep- 
tune as seen from Uranus of 157°.9, which is taken as a constant in the 
case of any unknown outer planet, the angle at the Sun being determined 
when the distance of the unknown planet is known. For an unknown 
inner planet we use the supplement 22°.1. Since these two constants 
lead to satisfactory correcting angles by means of which to deduce the 
longitude of the unknown planet, from those which are known, whether 
the latter are outside or inside the orbit of U, and since Pluto was found 
by means of them, it is believed that they may be considered to be fairly 
accurate, 

These numbers were originally obtained by observation, not theory, 
which is my reason for describing this method as empirical. In case 
the derived number, —8°.2 above, were a large one, such as 30° or 40°, 
and there were no way of determining its approximate value, then the 
method would be of no use whatever. It is because the number is 
necessarily small, since the maximum perturbation always follows the 
conjunction by several degrees, but cannot be far from it, that the 
method has derived its value. For an unknown outer planet the correc- 
tion must be negative, but even before conjunction the radial component 
of the perturbation acts, because when the known planet is pulled away 
from the Sun it necessarily revolves more slowly. This component 
reaches its maximum value at conjunction, at the time that the tangential 
component is reduced to zero. Before conjunction the two components 
are acting in opposition. After conjunction both the components are 
pulling the planet backwards, and soon overcome its increased speed. 
The maximum perturbation therefore cannot lie far beyond the line of 
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conjunction, and is in this case a negative quantity. Probably 20° for a 
remote planet would be its maximum value. The possible range in any 
particular case would be far less than this, possibly 4° either way, de- 
pending somewhat on the individual case, and with modern photo- 
graphic methods that would not be too large to be practical. In the 
case of an unknown interior planet the same number holds good, since 
the two planets reach their maximum perturbations at the same time. 

In what precedes I have endeavored to make it clear that this em 
pirical method of solution differs fundamentally from that of Adams 
and Leverrier, in that it depends solely on the date and longitude of the 
maximum deviation, and not at all on its amount. Excepting to pick 
out the maximum, we care nothing whatever for the amount of any of 
the deviations. This is why the empirical method enabled me in the case 
of Pluto, for instance, to make use of the orbit of Neptune, and its large 
perturbation of nearly 4”, although only half of its orbit is as yet known 
with any real accuracy. The method of Adams and Leverrier, depend- 
ing as it does on the amount of the perturbations, requires a nearly 
complete orbit, and it is for this reason that the other computer had per 
force to confine his investigations to the orbit of Uranus, which showed 
such slight and doubtful deviations that it is no wonder that he was 
unable to locate Pluto with any accuracy, or as he himself put it, only 
“with the promiscuity of a shot gun” instead of “the precision of a 
rifle.” I am far from wishing to belittle his effort, and feel, considering 
the inadequacy of his data, that he came astonishingly near the truth. 

Returning now to the present investigation, it is felt that with the 
accuracy of modern observations, such striking systematic irregularities 
in the motions of the two major planets of our system, amounting to 
something like 3”, are most regrettable, and that if an intermediate 
planet exists, it is most important that it should be found. A solution 
by the method devised by Adams and Leverrier should be most inviting 
to a good mathematician, on account of the unusually large amount of 
accurate material available. On the other hand a solution of the problem 
of four bodies, and an investigation which even if only carried back for 
the last thirty-five years, is not to be lightly undertaken by any man past 
middle life. On account of the large perturbations found, amounting 
to from two to three times those of Uranus due to Pluto, and the far 
greater accuracy of the observations themselves, such an investigation 
would be much more promising of useful results than was the search by 
that method for Pluto itself. It is hoped, however, that photographs 
based on the present investigation may render such a prolonged compu- 
tation unnecessary. 

Since the perturbations of Saturn prior to 1861 do not conform to 
the present orbit of U, it might have been thought that it was hardls 
worth while to see what could be done with Jupiter at a still earlier 
period. Nevertheless since those particular observations may have been 
defective, the deviations themselves certainly being far from systematic 
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(see Fig. 1), and since Hill’s tables of Jupiter go back to the year 1750, 
it seemed as if during the long interval that had elapsed since that date 
some perturbations of the great planet might have occurred which would 
give us additional information. Washington kindly sent me the tables, 
and I have plotted their contents in Figure 5. This is arranged like 
the previous Figures, the heliocentric longitudes which serve as abscissas 
being given at the top of the table, and the corresponding dates below 
“ach curve. The length of each rectangle is 360°. The observations of 
the upper curve are so irregular that it appeared desirable to smooth it, 
which was done in the usual manner by plotting the means of each three 
successive observations, each observation therefore being included three 
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Figure 5. 


EARLY PERTURBATIONS OF JUPITER. 


times in the final result. The observation of 1779 alone was rejected as 
erroneous. The overtake period of Jupiter and U, 80 years for circular 
orbits, is rather unexpectedly long. Since the last perturbation of the 
former occurred in 1921, we looked for two others somewhere near 
1841 and 1761. The first pronounced maximum that we see in Figure 
5 is dated 1756.1 in Hill’s table. We notice also that the curve is of the 
same general shape and steepness, allowing for the difference of scale. 
as that in the upper curve of Figure 4, in which curve also no allowance 
has been made for the effect due to an unknown planet. The greater 
extent of the earlier perturbation would imply that the two planets were 
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then nearer to one another, and that an advance of the perihelion had 
therefore occurred between the two dates due to the intermediate con- 
junction. 

While this maximum stands out very markedly above all the observa 
tions which follow it, the only other maximum that we can find at all on 
the curve, that at 1831.7, is rendered noticeable only by the depressions 
which precede and follow it. However, had it projected prominently in 
the original observations, Hill, naturally believing that it was due only 
to accidental errors, would certainly have done everything legitimately 
possible to reduce all deviations to a minimum. In conformation of this 
view, we note the uniform gradual downward slope of the upper curve, 
which should really of course be level after passing the perturbation, in 
case no other unknown body interfered. This depression reaches its 
maximum value, between 1” and 2”, at the beginning of the lower curve, 
and if the deviations about 1820 were raised to a level with those made 
50 years earlier, then those made about 1831 would stand well above 
those following them, if the more recent ones are correct. The shape 
of this maximum and its small amount therefore do not necessarily 
cause its rejection, particularly as we shall presently see that there is an- 
other excellent reason, possibly more cogent still, why it should not 
stand very high. 

TABLE I. 
THe Computep Orsir. 
Period 13.93 years. Eccentricity 0.26. Date of Perihelion 1929.7 
Longitude of Perihelion 1°8. 


Planet Saturn Saturn Saturn Jupiter Jupiter Jupiter 
Date of Maximum 1872.6 1899.4 1926.4 1756.1 1831.7 1921.2 
Mean Anomaly 36:2 62°0) 85°3 165°4 12°9 +139°5 
True Anomaly 59.3 91.6 —114.5 171.1 22.5 +154.8 
Longitude of Perihelion 1.8 1.8 1.8 1.8 1.8 1.8 
Computed Longitude U 302.5 270.2 247.3 190.7. 339.3 156.6 
Longitude known Planet 290.6 261.6 233.2 196.0 321.8 164.7 
Correction for U 25.4 179.3 +4. 9.0 46 4.1.5 42 
Observed Longitude U 302.0 271.9 242.2 192.0 323.3 160.5 
O . » Oa Nee ae a. {53 16°0 L. 3:9 


In Table I is given an abstract of the computations. The first two lines 
give the four constants finally selected for computing the orbit, the 
next the name of the known planet whose maximum perturbation was 
detected in each of the six cases, the next the date of this maximum 
selected from the curves, and recorded in the Washington and Green- 
wich tables. The next two give the mean and true anomalies, and the 
line following, the above mentioned longitude of the perihelion. The 
inclination is small, and the longitude of the node uncertain, which will 
explain why we do not use the argument. The sum of the true anomaly 
and the longitude of the perihelion give us the computed longitude of 
U. These six computed longitudes depend merely on the four constants 
given in the first lines of the table and the six chosen dates given in the 
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fourth. They show us, without using any longitudes whatever except 
that of the perihelion, given these quantities, where under the law of 
gravitation the unknown planet ought to be. 

The next row gives us the longitudes of the known planets, reduced 
to the epoch of 1932.0 at the dates above mentioned, on which we have 
decided from the curves that the planets showed their maximum pertur- 
bations. It is from these numbers indeed that the dates at the heads of 
the columns were obtained, using the Greenwich and Washington 
tables above mentioned. Given the distance of U and of the known 
planet in each case at the time of the maximum perturbation, the cor- 
rection to the longitude of the known planet in order to give that of U, 
computed as above described, is given in the next row. (See also Poru- 
LAR Astronomy, 1928, 36, 159.) The following row gives us what we 
have called the observed longitude of U, because it is based on the ob- 
servations of the known planets made at Greenwich and Washington. 
These longitudes have nothing whatever to do with the law of gravita- 
tion, but are strictly observational. The same constant angle 157°.9, de- 
rived from the perturbation of Uranus by Neptune, which served to 
give us the accurate location of Pluto, and the as yet undetected position 
of P, now applied to the six positions of Saturn and Jupiter, give us an 
elliptic orbit for U, which we shall now proceed to show is as accurate 
as could be expected from the data furnished. We see no reason at 
present to modify this constant. 

The differences between the longitudes as given by these two de- 
terminations of U in each column are given in the last row. While to 
those who are used to dealing with cometary orbits, and the orbits of the 
asteroids, where the object computed is actually itself observed, these 
differences may perhaps seem pretty large, yet if they will turn back to 
Figures 2 and 4, they will notice that the length of each square in the 
case of Saturn is 100°, and in the case of Jupiter 200°, so that a devia- 
tion of even —5°.1 in the case of Saturn is no more than what we might 
fairly expect. The fifth deviation, however, is quite a different matter, 
although it might indicate an error of only two years at the end of 
eighty in selecting the date of maximum. Such an error, however, is 
not permissible, and we shall discuss it presently. We must now recall 
that all the observations on which the orbit is based are taken in groups 
of a year apart, and that they are not sufficiently accurate to make it 
worth while to attempt to use intermediate values. Thus turning back 
to the upper curve in Figure 2, and to the circle and cross in 1926.4 we 
see that we cannot tell with certainty whether the minimum occurred 
then, or whether it may not have occurred at the previous Greenwich 
observation in 1925.4, which is a little lower. Unfortunately no ob- 
servation was secured at Washington in that year, but if we assume 
that the latter date was correct, our error instead of being —5°.1 would 
become +4°.3. It thus appears that the maximum perturbation should 
probably really have had an intermediate date. 
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Figure 6 is constructed by means of Table I. The light continuous 
circles represent the orbits of Saturn, Jupiter, and the Earth, while the 
heavy one indicates that of planet U. Its observed longitudes together 
with those of the larger planets at the times of maximum perturbation 
are indicated by connecting lines. Its position in 1932.0 is shown by 1 
short cross line, and its computed longitude in 1831.7 by the letter c. 

90° 





——_ a 
270° 
FIGURE 6. 
Orpit oF PLANET U. 


Its conjunction with Jupiter in that year was an interesting one, par 
ticularly so as the conjunctions of these two planets occur only at such 
long intervals. As seen by Table I the observed longitude of U’ at the 
time of the maximum displacement was only 1°.5 ahead of Jupiter. The 
deviation between the observed and the computed longitudes of U, how- 
ever, is very large, 16°. In the year 1756, we see by Figure 6, that U 
was slightly behind Jupiter, but in 1825.7 after five of its revolutions, 
when it had returned to the same position in its orbit, Jupiter would 
have been some 45° behind it. However, U was near aphelion then, so 
Jupiter rapidly overtook it, and six years later would have been within 
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a little more than 16° of it, as we see by Table I, had not their orbits 
approached so near to one another. Since the inclination of the orbit of 
U is believed to be small, and since Jupiter was outside and only a few 
million miles away, it was pulling U away from the Sun by shifting its 
orbit, which is the characteristic of the radial perturbation, and so slow- 
ing down its orbital speed. This would tend to advance its perihelion, 
as we have just seen observation indicates. Since U was ahead of it, 
Jupiter was also pulling U backwards, with the result that U instead of 
being more than 16° ahead of Jupiter, in 1831.7 was only 1°.5 ahead. 
We must now point out that for every 1” that Jupiter is perturbed, U 
should be displaced 1°.76 if our later assumed value of its mass is cor- 
rect. Also that at its perihelion U is moving 1.44 times as fast as Jupi- 
ter, so that through a considerable arc of its orbit, possibly 100°, Jupiter 
can never overtake U, unless due to its own perturbation of it. This is 
evidently not the time or place to discuss the problem of three bodies, but 
it is fairly certain that in 1831.7 Jupiter lay within this forbidden arc, 
and we cannot tell by mere inspection just what took place. It is certain, 
however, that it did overtake the little planet somewhere about that time. 
After U’ is found upon a photographic plate, and an accurate orbit has 
been computed, it will then be possible to determine exactly what hap- 
pened. I think we may say, however, that the two planets kept pretty 
close to one another in longitude for a year or two. After 1834 the 
speed of U appreciably diminished and they separated. We notice by 
Figure 5 that between 1820 and 1832 the displacement of Jupiter in- 
creased rapidly, but for the next twelve years until Jupiter got back to 
the same part of its orbit and the two planets again approached, al- 
though Jupiter was now well ahead, its perturbation varied but little. 
After that it fell off rapidly as U pulled it backwards. After six revolu- 
tions of U, in 1921, the two planets were again in about the same longi- 
tude, and as is shown in Figure 6 were in about the same relative posi- 
tion as they had been in 165 years before, during which interval U had 
completed twelve revolutions. The question may now be asked, since 
Jupiter was outside of U in 1831.7, just as Saturn was at the three fol- 
lowing conjunctions, why should we not expect a maximum depression 
as we did with Saturn, rather than a maximum elevation. The explana- 
tion is that Jupiter was overtaking U, and U was pulling it forwards, 
while when U overtook Saturn U was pulling Saturn backwards prior 
to their conjunction. There will be no further conjunction or maximum 
perturbation of Saturn until after 1950, or of Jupiter until the close 
of the century, so we must do the best we can with the data now avail- 
able. Regarding the node of the orbit of U, the only information that 
we have is derived from that planet’s effect on the latitudes of Jupiter 
and Saturn at the times of their maximum deviation by it in longitude. 
In 1756 Jupiter was deflected 0”.8 to the south, but all the other deflec- 
tions lie between 0”.0 and —0”.4, and all are confined to longitudes be- 
tween 160° and 323°. (See the lower curves of Figures 2 and 4.) They 
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are so few, so small, and so irregularly distributed as we can see by 
Figure 6, that the only thing that can be learned from them is that, tak- 
ing their mean longitude as 240°, then the ascending node of the orbit 
would be near 330°. This result, however, is obviously only approxi- 
mate, and all the deviations are so small, that we conclude that the in- 
clination of the orbit to that of Jupiter is very slight, perhaps not far 
from 5 


THe Mass AND MAGNITUDE OF PLANET U 


The only object of determining the mass of U is to find out how 
bright the planet should appear on a photographic plate. A considerable 
difference in mass makes comparatively little difference in magnitude. 
On account of its analogous orbit we shall select the planet Pluto as an 
intermediary, and adopt for its mass 0.7 that of the Earth, which can- 
not be far out of the way. This value was derived directly from the 
perturbation of Uranus by Neptune amounting to 88”. Pluto produced 
a maximum perturbation of Neptune amounting to 3”.9, and U pro- 
duced a similar perturbation of Saturn of 1”.5. At the maximum per- 
turbation of Neptune in 1902, Pluto was distant from Neptune by 16.7 
units, and similarly at the maximum perturbation of Saturn in 1926, U 
was distant 4.1 units from Saturn. The angular difference in the an- 
nual motions of Neptune and Pluto in longitude was 1°.2. This quantity 
multiplied by the distance of Neptune from the Sun gives us a differ- 
ence of linear motion of 35.9. Similarly the angular difference in the 
annual motions of Saturn and U at maximum perturbation, 10°.5, mul- 
tiplied by the distance of Saturn at that time from the Sun is 103.5, 
given in the same units of distance and time. Whence we derive, since 
acceleration is directly proportional to distance moved when the times 
are identical, that the mass of U in terms of Pluto is equal to 


(T°5 x 103.5 xX 4.17°)/(-9 X% 33.9 X 16.7) 0.067. 


Assuming that their densities are the same, the mass and volume of 
Pluto will be 14.8 times that of U, its surface will be 6.05 times as 
large, and its diameter 2.46 times as great. The mass of U will be 
1/21 that of the Earth, 4 times that of the Moon, and 2 times that of 
Jupiter’s third satellite. I have gone into some little detail here, first be- 
cause as we shall presently see, our final result is somewhat surprising, 
and I wish that every step should be made clear, and second because | 
want to show that an approximate computation of the mass, which is 
all that is needed here, is a very simple matter 

Before we go any further, let us now turn aside for a moment to 
discuss the probable size and albedo of Pluto, making no assumption at 
all at first as to its mass. It was stated recently that no successful esti- 
mate had been made with the 100-inch reflector as yet of the size of the 
disk. Let us compare it with the first satellite of Jupiter, conveniently 
called Io, and with Titan the largest satellite of Saturn. Both of these 
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satellites vanish when projected on the brightest portions of the disks 
of their primaries, and we shall therefore call their albedoes 0.50. If Io 
were removed to the distance of Pluto, the illumination of its disk in 
1932.0 would be 1/60 as great. For the same magnification, the 100- 
inch reflector when freshly silvered, gives 50 times the light of the 11- 
inch Harvard refractor. If Pluto were of the same angular diameter 
as Io at the distance of Jupiter, 1”, and of the same albedo, 0.5, with 
the 100-inch it would be 50/60 as bright, and it would be nearly as easy 
to measure its disk as it is to measure Io with the 11-inch, but if the 
albedo of Pluto is the same as the darker maria upon our Moon, let us 
say 0.05, or 2/3 of the mean albedo, its surface brightness would be 
reduced to 1/600 of that of Io, and with the 100-inch the brightness of 
Pluto would be only 1/12 of that of the satellite as seen in the 11-inch. 
It is quite certain under these circumstances that the disk would not be 
measurable. J-ven if its diameter were as great as 1”.5 and a lower 
magnification were used, it is doubtful if the disk could be measured. 
In this case its density would be materially less than that of the Earth. 
Let us now make an analogous computation for Titan. If Pluto were 
of the same angular diameter as Titan, 0”.6, and of the same albedo, it 
would be 1/19 as bright, and since the disk of Titan can be measured 
with the 11-inch, and perhaps could still be estimated, even if it were 
reduced to 0”.5 in diameter, and since the 100-inch gives 50 times as 
much light as the 11-inch, the disk of Pluto could easily be measured. 
By applying a higher power it might theoretically be measured if it were 
only 0”.3 in diameter. Practically we should perhaps say 0”.4. Since 
writing the above I have seen a paper by FE. C. Bower, Lick Observatory 
Bulletin, 487, 178, who arrives at somewhat similar conclusions. We 
thus secure a theoretical range of diameters for the planet. If the albedo 
of Pluto were 0.50, and it were covered with snow or frozen gas, we 
might measure its diameter even if it were only 0”.4. Now assuming a 
mass of 0.7, since the diameter of the Earth at that distance would be 
0”.43, Pluto would then be of about the same density. On the other 
hand if its albedo were only 0”.05 and it consisted of a black meteoric 
mass with little or no atmosphere, we could only measure it in case its 
diameter exceeded 1”.5, and its density would then be less than that of 
Saturn. If its albedo is small, as is probably the case, the chance of 
measuring its diameter, no matter what its mass might be is very slight. 
A plausible conjecture is that it is composed largely of meteoric iron, 
and has a diameter of 0”.4, which will serve us well enough as a basis 
for computing the diameter of planet U. 

Having now obtained a definite starting point, and assuming as above 
computed that the ratio of the masses of U and Pluto is as one to 14.8, 
and the ratio of their surfaces as one to 6.05, then since the orbits of 
Jupiter and U intersect in 1932 at a distance of 5.2 units from the Sun 
(see Figure 6), and the distance of Pluto in 1930.3 was 41.2, the differ- 
ence in their magnitudes when in opposition as seen from the Earth 
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would be 7.3. Accepting the photographic magnitude of Pluto in 1930 
as 15.5, then that of U becomes 8.2, a surprisingly bright body. .At the 
same time its diameter would be 1”.56. It is thus about half a magni- 
tude fainter than Neptune, and two-thirds of its diameter. The obvious 
question then at once arises how can it possibly have escaped either acci- 
dental visual, or photographic discovery up to the present time. In or- 
der to be five magnitudes fainter, it would have to be one thousand 
times as dense. This is undoubtedly the most serious argument, although 
a negative one, against its existence. The argument in its favor is posi- 
tive, and fairly strong, since it is certainly unlikely that five positions, 
two of them therefore being accidental, should all lie so accurately on 
one plausible elliptical orbit, particularly so since they are so uniformly 
distributed along one-half of it. If they were all close together they 
would tell us little except the period of the planet. Furthermore, in the 
case of the sixth position, that of 1831.7, Figure 5, marked with the 
cross, it is shown as we have seen that planet U passed very near to 
Jupiter at this time, and between it and the Sun. These are precisely 
the two conditions which would most effectively delay the little planet 
in its orbit, and we find that it was actually delayed for eight months. 


The deviation amounted to 16° in this case (see Figure 6 C). Turning 
back again for a moment to Figure 5 we shall notice that the preceding 
observation in 1830.6 is evidently too low. That of 1822.2, —2”.5 is 


certainly more than 1” out of the way, and some of those immediately 
preceding it in the upper line of the Figure are much worse. If we add 
1”, and make the observation of 1830.6 read +1”.0, which may be cor- 
rect, it will make that year the real maximum, and the deviation in Fig- 
ure 6 will be reduced to 8°, and the delay of U produced by Jupiter be 
reduced to four months. An error of one year in locating such an early 
maximum is certainly not unlikely, so that I think we may consider the 
displacement of this perturbation of Jupiter in the last century to be a 
further confirmation, rather than an objection to the suggestion of a 
small and as yet unknown planet revolving between Jupiter and Saturn. 
Indeed if U had not shown some perturbation at the time of its close 
approach to the great planet, that certainly would have been an objection 
to the theory of its possible existence. TI'urthermore it is certain that the 
perturbations of Saturn are real, since Greenwich and Washington con- 
firm one another, as they do also regarding the last perturbation of 
Jupiter. No other possible explanation has been offered for them except 
that of a satellite, and that would not account for the three perturbations 
of Jupiter. Moreover a photographic search conducted at the Lick and 
at the Mount Wilson Observatories has hitherto failed to discover U as 
a satellite. 

Various explanations have occurred to the writer as to why the planet 
has not hitherto been found, and which we will now proceed to consider 
in turn. If an astronomer happened to detect its disk visually, which 
he could hardly do unless he had an excellent telescope and good seeing, 
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he would probably pass it by as a rather unusually bright planetary 
nebula. The failure of its photographic discovery is much more sur- 
prising, since it would seem as if it must have already appeared many 
times on the plates of the asteroid hunters. Its trail at opposition would 
be of about the same length as that of an ordinary asteroid, greater 
differential speed with regard to the Earth largely compensating for its 
greater distance. It would be so much brighter than any expected aster- 
oid that if its burned out elongation were noticed at all on any plate, it 
would probably be attributed to a moderately close double star. If the 
stars were taken as trails and the asteroids as dots, U would easily be 
taken for a defect. In case it were noticed on some plate as a possible 
nova, and no other plates were taken within a week of it, it would have 
moved so far away from its original position, owing to its proximity to 
the Earth, that the second image might easily have been overlooked, and 
the first one considered to be a defect. The same conclusion would be 
reached if it were compared with some standard plate of the region. 

Let us now consider the opposite case, in which the planet may be 
too faint to have been detected. The interesting comet Schwassmann- 
Wachmann, 1925 II, has an orbit bearing a considerable resemblance to 
that of planet U (see Figure 6). Unlike U, however, its orbit lies whol- 
ly between that of Jupiter and Saturn. Its eccentricity, 0.142, is less 
than that of U, its period is slightly greater, 16.30 years, its ascending 
node is nearly the same, 323°, and its inclination is 9°.43. (AI.N., 1929, 
89, 362.) It must be very massive as comets go to be visible at all at 
such an extraordinary distance from the Sun, and had it approached the 
latter, would undoubtedly have been a most magnificent object. It was 
of magnitude 13 to 14 when discovered in 1927, and of magnitude 17 in 
1930. On February 11, 1931, it had risen to magnitude 12.5, but in 
March it had fallen back to magnitude 16. 

It must now be pointed out that U possesses at present a most danger- 
ous orbit for a solid body. In case it was formerly an outer satellite of 
Jupiter, with as eccentric an orbit as Jupiter VIII, it might very well, 
due to a slight increase of the eccentricity, have been drawn out of that 
orbit into the present one by the combined efforts of Saturn and the 
Sun. Although they would pull in opposite directions, the pull would 
be a differential one, and therefore efficient. Although unusual and sur- 
prising there would be nothing impossible in this. On the other hand, 
U may never have been a satellite of Jupiter, but merely an errant body 
flying through space, captured by the Sun, with the codperation of 
Jupiter, and caused to settle down into an orbit such as it now possesses. 
Again it may have been generated at the same time as the other planets, 
and located at that time in nearly its present orbit. However it originat- 
ed, after revolving for some eons in that orbit there would occur, as we 
have just seen in 1831.7, a rather close conjunction with Jupiter near a 
node. It has been determined that the age of the oldest terrestrial gran- 
ite is about 2,000,000,000 years. That our planetary system is much 
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older than that is practically certain, but even so, that interval would 
give plenty of time for many much closer conjunctions to have occurred 
than this latter one. In fact they must necessarily have occurred. In 
case planet U, without striking Jupiter, passed near enough to it to fall 
within Roche's limit, it would be torn in pieces by the great planet, and 
exist thereafter merely as a swarm of gigantic meteors, or perhaps we 
might say small asteroids, like Saturn’s rings. On account of the con- 
siderable mass of U, in case this event occurred comparatively recently, 
let us say within a million years, there would not have been time for the 
individual pieces to have got very far apart from one another, for ex- 
ample not more than 10,000,000 miles. This distance would measure 
half a millimeter, or 1/50 of an inch on Figure 6. 

If a body of four times the mass of our Moon were scattered along 
an orbit through a distance of 10,000,000 miles or more, at the distance 
of Jupiter, it would certainly not be very conspicuous, unless strongly 
concentrated at its middle section. It therefore seems probable that no 
large solid body could exist in such an orbit as we have drawn in Fig- 
ure 6, unless it was relatively speaking a somewhat recent acquisition. 
If its nature is analogous to Saturn’s ring, and it has as high an albedo 
it might be visible as a faint hazy band resembling a somewhat elongat- 
ed nebula. Its thickness cannot now be very great, or it would be 
rapidly distributed along its orbit. Its breadth might be greater with- 
out such a distribution taking place. That comet 192511 may have 
originally formed a part of this body, perhaps its nucleus, seems fairly 
probable, and the resemblance of their orbits in some respects may indi- 
cate a fairly recent separation. In case, like the comet, U/ possesses a 
self luminous nucleus, there should be a good chance of finding it. We 
thus see that we cannot tell whether the planet is actually too bright or 


TABLE II. 
ELEMENTS. OTHER Data, 

a Semi-major Axis 5.79 gq Perihelion Distance 4.28 
e Eccentricity 0.26 Aphelion Distance 7.30 
i Inclination a Distance in 1932.0 5.2 
Ascending Node sar" = Mean Annual Motion 25°84 

™ Longitude of Perihelion 1°8 E Epoch 1932.0 
P Period in years 13.93 m Mass 1/22 
I’ Date of Perihelion 1929.7 Photographic Magnitude 8.2 
Angular Diameter 1756 

Diameter in Miles 3200 

EPHEMERIS OF PLANET U. 
Date H.Long. Diff. H.Lat. Date H.Long. Diff. H.Lat. 
1920.0 135-7 ered -}.4°2 1928.0 292°0 30°0 3°21 
21.0 153.7 18°0 if), 3 29.0 330.5 38.5 0.0 
22.0 170.2 16.5 ey 30.0 ‘3.9 45.0 +3.6 
23.0 186.0 15.8 —2.9 1.0 57.3 41.8 +5.0 
24.0 202.0 16.0 3.9 32.0 90.5 33.2 Lé4 
25.0 219.2 i .2 4.7 33.0 116.2 ys +-2.8 
26.0 238.6 19.4 5.0 34.0 i3gy7 .1 20.9 3 4% 
27.0 262.0 23.4 ~4.6 
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too faint to have hitherto been detected, but we at least know now what 
to look for, and if it can be photographed we shall be less likely to re- 
ject its image in the future as a mere defect on the plate. 

We have now dealt with all the apparent planetary perturbations that 
may indicate unknown planets in the solar system, and eliminating 
planet 7 as doubtful, we find that there are only three, P, S, and U, 
which still remain to be discovered. There are indeed the two great 
planets Q and R described in Harvard Annals, 61, but the latter is 
doubtful, and the former is not well situated to produce perturbations of 
the kind described in the foregoing articles, although I may take it up 
again at some future time. Pluto itself was of course easy to find, and 
was photographed at once in the predicted place, although not detected 
until ten years later. It was easy because we knew its longitude within 
3° or 4° at the most, and its latitude to the south of the ecliptic by about 
the same amount (PoruLAR Astronomy, 1929, 37, 138). The latitude 
of U is more uncertain, although it is probably but a few degrees north 
of the ecliptic at the present time. It is moving much faster than Pluto, 
which renders its longitude less certain. Its insignificant mass and prob- 
able faintness also operate against it. The average overtake period of U 
and the comet is 96 years, and their next conjunction will occur about 
1956.7. In case the planet is not identified before then, if it may still be 
called a planet, that will be a good time to determine its mass, its approx- 
imate node, and perhaps the inclination of its orbit, by observations of 
the changing latitude of the comet. The two bodies will be not far from 
their ascending nodes. 


PRIVATE OpSERVATORY, MANDEVILLE, JAMAICA, B.W.I., DECEMBER 3, 1931. 





Preliminary Light-Curves of Epsilon’ and 
Epsilon’ Lyrae 


By E. A. FATH 


During the summer of 1931 the 12-inch refractor of the Lick Ob- 
servatory was kindly placed at my disposal by Director R. G. Aitken. 
The program of work decided upon was the study of several of the 
brighter stars with a photo-electric photometer attached to this instru- 
ment. The photometer, as used, consisted of the cell box of the Lick 
Observatory photometer described by Miss Cummings,’ a quartz potas- 
sium cell by Kunz, a Lindemann electrometer and various minor 
accessories. All parts of the photometer except the box were taken 
from the photometer of the Goodsell Observatory. 

One of the stars on the observing program was Vega. As comparison 
stars e' and «* Lyrae were chosen, since, on the whole, they seemed most 





* Lick Observatory Bulletin, 11, 99, 1923. 
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suitable with regard to proximity in the sky, spectral type, and constancy 
of light. The last consideration was necessarily of the utmost import- 
ance. Stebbins’ had made tests of these stars in two series of measures 
of nine nights each in 1917 and 1921 respectively in which he measured 
the difference in magnitude between the two stars. Since the range of 
the nightly means of this difference in the first series was only 0.014 
magnitude and in the second series only 0.024 magnitude it appeared 
that the probability of constant light was very high. 

The observations on Vega were so arranged that they likewise yielded 
values of the difference in magnitude of the two epsilons, which would 
thus give a check on the accuracy of the measures on Vega. It soon 
became evident, however, that there were variations in the value of this 
difference which bore evidence of periodicity and this persisted as the 
observations of Vega were continued. Toward the end of July it ap- 
peared that at least one of the comparison stars must be variable with a 
range of the order of 0.02 magnitude. 

From that time onward to the middle of August a portion of each 
night was devoted to measuring directly the difference in magnitude 
between the two epsilons. By the middle of August it was clear either 
that both stars were variable or that the measures were far less accord 
ant than previous experience had shown to be probable. 

To decide this matter the star ¢ Lyrae was then used as a comparison 
star for the two epsilons as it had been given a good character as regards 
constancy of light by Stebbins* and by Guthnick and Prager.* By this 
time, however, the date of our departure from Mt. Hamilton drew near 
and we also had several cloudy nights as samples of the unusual Cali- 
fornia weather of the last summer. In consequence it was possible to 
compare e' with € on only five nights and «* with ¢ on only seven nights 
while keeping up the remaining part of the observing program. 

rom these last observations, made from August 13-26, the curves 
shown in the two figures were obtained. Fig. 1 refers to €' with a 
period of 0.20 day and Fig. 2 to & with a period of 0.0598 day. The 
range in brightness for both stars is not far from 0.02 magnitude. On 
no night was there sufficient time to follow e' through more than one 
maximum but on two nights it was possible to follow ¢ through at 
least two full periods. On the basis of the smaller number of nights 
on which e’ was observed and because of the longer period I have less 
confidence in both curve and period than in the case of e’. 

The photometric elements for the two stars based on this limited ob- 
servational material are as follows: 


e' Lyrae Max. J.D. 2426571.760 + 0.200 1 
é Lyra Max. = J.D. 2426570.800 + 0.0598 E. 


* Pub. Washburn Observatory, 15, 90, 1928 
* Pub. Washburn Observatory, 15, 91, 1928 
*Vierteljahrsschrift d. A. G., 55, 68, 1920. 











90 Preliminary Light-Curves of ¢ and & Lyrae 
Observations to improve these elements will be carried on during the 
next observing season. 

Both of these stars are optical double stars of less than 5” separation. 
This prevents a study of the individual stars with the photometer as 
now constructed. There is, however, some evidence of variation in the 
radial velocity of each component of each pair. In order to test which 
component is the possible variable spectrographic observations were be- 
gun at the Lick Observatory but they cannot be completed until next 
season. If one component of each pair can by shown to have a spectro- 
graphic period agreeing with the photometric period then the probability 
that it is also the variable amounts almost to certainty. 





Mag. 
0.02 F 











1 1 i 
0.0 0.1 0.2 day 


Fic. 1. Licgut-Curve or €’ Lyrae. 





The case of e* Lyrae with the short period appears to be of some in- 
terest. If my confidence in these results is not misplaced it has the 
shortest period of a variable star known at present, 1" 26™. 

Assuming a parallax of 0”.014° the absolute magnitude of each of 
the two components of «* is about +1. The spectral class is A3. The 
variable cannot be an eclipsing binary if the curve has any meaning at 
all. Rotation seems to be out of the question as it would imply an almost 
impossible mass and the pulsation theory does not seem plausible for so 
short a period. It occurred to me that possibly outbursts such as are 
sometimes noted on the sun in the form of eruptive prominences might 
afford a clue. If we could imagine a series of such eruptions coming 
from ¢*? for a time it would seem to account for the short period, but, 
the question of the duration of such eruptions might easily be fatal to 
the hypothesis. 

It may be of interest to compare Stebbins’ two series of measures of 
the difference in magnitude between «’ and e& with those of our 
measures similarly made during last July and early August. His results 
are published as means for each night, mean for season, etc. Short 
period fluctuations, if present, are smoothed out by this process. 


* Schlesinger: Bright Stars. 
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Planet Notes 9] 
No. of Mean of Mean 
Year Nights Season Deviation Obsr. 
M M 
1917 9 0.071 +0). 003 S 
1921 9 0.070 +(). 005 S 
1931 14 0.063 +().004 E 


The three series appear comparable as to accuracy but there is a differ- 
ence of 0%.007+- in the quantity measured by the two observers. This 
probably can be accounted for by the differences in the cells used, and, 
possibly, in the transmission of the telescope objectives so that slightly 
different portions of the color-sensitivity curve of the cells came into 

















play. 
Mag. 
0.02 F 
0.00 - 
i 1 i i 
0.00 0.02 0.04 0.06 day 


Fic. 2. Ligut-CurveE oF € Lyrae. 


Acknowledgements are due Director Aitken of the Lick Observatory 
for so kindly placing the 12-inch refractor at my disposal, to President 
Cowling and members of the Committee on Astronomy of Carleton 
College for aid in meeting the expenses of the summer’s work and to 
Mr. Conrad Swanson, a student in Carleton College, who acted as vol- 
unteer assistant throughout the two months spent at Mt. Hamilton. 


GoopsELL OBSERVATORY, NORTHFIELD, MINNESOTA, JANUARY 15, 1932. 


Planet Notes for March, 1932 


By CLIFFORD E. SMITH 


The Sun will be moving in a northeasterly direction from the central part of 
Aquarius to the central part of Pisces. On March 20, at 1°54" p.m., C.S.T., the 
sun will cross the celestial equator from south to north which officially marks the 
beginning of spring. On March 7 there will be an annular eclipse of the sun. 
The path of central eclipse will be just south of Australia. The distance from th¢ 
earth to the sun will be about 92.0 million miles at the beginning of the month 
and this distance will increase about 760,000 miles during the month. The position 
of the sun on the first and last days of the month will be, respectively 


R.A. 22" 47™, Decl. —7° 45’; R.A. 0" 37", Decl. +-3° 59’. 


The phenomena of the Moon will occur as follows 
New Moon March 7 at 2 a.m. C.S.T. 
First Quarter is ¢ AM, 


Imerican Ephemerts, 570, 1932. 
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Full Moon March 22 at 7 a.m. C.S.T. 


Last Quarter 28 “ 10 p.m. " 
Apogee 10 “ 4PM. ag 
Perigee 3 3.AM. 4s 


There will be a partial eclipse of the moon on March 22. The beginning will 
be visible “generally in eastern Asia, Australia, the Pacific Ocean, North America 
except the northeastern part, and the extreme western part of South America; the 
ending will be visible generally in Asia except the southeastern part, the Indian 
Ocean, the Pacific Ocean, and the extreme northwestern part of North America.” 


Mercury will be moving with an apparent easterly motion from the central 
part of Aquarius to the eastern part of Pisces. The distance of Mercury from 
the earth will decrease from about 125 million miles to about 68 million miles, and 
its apparent diameter will increase from about five to about nine seconds of arc. 
During the middle of the month it will be an evening star of about magnitude —1, 
setting about an hour after the sun. Greatest elongation east of the sun (18° 40’) 
will occur on March 23. Conjunction with the moon will occur on March 8 (Mer- 
cury 0°9 south), and conjunction with Uranus will occur on March 21 (Mercury 
2°9 north). Mercury will pass through its perihelion point on March 16. 


Venus will be moving from eastern Pisces to eastern Aries. It will be an eve- 
ning star of magnitude about —4, and it will set about three hours after the sun. 
Its distance from the sun will decrease from about 100 to about 80 million miles, 
and its apparent diameter will increase from about 16 to about 20 seconds of arc 
On March 11 it will be in conjunction with the moon, (Venus 2° south), and on 
March 29 it will pass through its perihelion point. 


Mars will be near the sun in apparent position. At the end of the month it 
will rise about forty minutes before the sun. 


Jupiter will be an evening star of brightness about magnitude —2 in eastern 
Cancer. During the middle of the month it will be on the meridian about 9" 30™ 
P.M., Standard Time, and, at that time, its distance from the earth will be some- 
what greater than 400 million miles, and its apparent diameter will be about forty 
seconds of arc. Conjunction with the moon will occur on March 19 (Jupiter 3° 
south). 


Saturn will be a morning object of magnitude about +1 in western Capri- 
cornus. During the middle of the month it will be on the meridian about 9:00 a.m. 
Its distance from the earth will be slightly less than 1000 miles, and its apparent 
semidiameter will be about 14 seconds of arc. Conjunction with the moon will 
occur on March 3 and March 31 (Saturn 4° north). 


Uranus will be near the sun in apparent position since conjunction with the 
sun will occur early next month. 


Neptune will continue in southern Leo near p Leonis. Early in the month it 
will be on the meridian about midnight. Its distance from the earth will be about 


2700 million miles, and its apparent diameter will be about 2% seconds of arc. 
Conjunction with the moon will occur on March 20 (Neptune 1° south). 


CorRECTION to notes on Venus for November, 1931 (October, 1931, p. 468). 
First sentence should read: Venus will be an evening object, etc. Last sentence 
should read: During the middle of the month Venus will set about an hour after 
the sun. 
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OCCULTATIONS 
OccuLTATIONS VISIBLE IN LonciTuDE +72° 30’, LatirupE +-42° 30’. 
(Contributed by the office of the American Ephemeris.) 








IM MERSION EMERSION 
Green- Angle E Green- Angle E 
Date wich from wich from 
1932 Star Mag. wl: a b N iets a b N 
m m m ‘ h m m m ° 
Mar.14 47 B.Aur 6.0 23 25.2 —2.0 +03 74 0 49.6 1.6 1.5 279 
15 354 B.Tau 64 5 16.3 0.0 0.7 67 6 42 +08 1.6 301 
17 47 Gem 56 3 220 0.1 —3.1 152 4 i222 13 0.6 245 
17 134 B.Gem 65 5 486 0.2 13 91 6 42.2 +0.4 1.7 304 
17 4 Cnc 6.2 22142 —13 +2.2 70 23 19.6 1.7 -1.4 316 
22 f Vir 6.0 23 448 +0.1 1.5 169 0 21.7 0.5 +2.1 253 
24 550 B.Vir 60 1 62 +0.2 0.8 156 1 53.0 0.7 +1.3 268 
25 17 GLib 64 8 238 —1.6 0.9 116 9382 —1.5 1.3 296 
3 BGs 61 8 23 —15 11 121 10145 1.3 -1.4 286 
26 b Sco 47 10256 —1.5 0.0 49 ll 93 1.6 2.4 338 
27 135 B.Sco 60 6 2.5 aa 194 6 8.3 . 204 
30 w Ser 48 8 52.1 15 +19 55 10 3.9 1.6 0.7 285 


OccuLTATIONS VISIBLE IN LoncitupE +91°, LatitupE +-40°. 





IM MERSION—————- _ ————-EMERSION—— 

Green- Angle E Green- Angle E 

Date wich from wich from 
1932 Star Mag. a a b N ey a b N 
h m m m ° h m nu m ° 

Mar.14 47 B.Aur 6.0 22 44.7 2.1 ia 0 16.0 A 0.0 264 
15 354 B.Tauw 64 5 177 0.1 14 97 6 16.7 +0.2 is Be 

17 134 B.Gem 6.5 5 47.8 0.3 19 122 6 48.3 0.3 1.4 276 

22 318B.Vir 64 10 228 0.1 27 180 10 54.1 0.7 0.9 245 

25 17 GLib 64 7 59.9 1.0 0.9 146 9 8.7 2.0 0.4 277 

25 18 G.Lib 6.1 18 388 £2 11 146 19 468 2.0 0.6 273 

26 b Sco 47 9448 —24 +05 68 10 45.0 1.5 16 332 

26 4+ Sco Ss 62 G74 1.5 is fz was 1.0 12 269 

30 A Ser 49 10 5.7 14 416 73 = 11 25.3 17 +0.9 266 


OccuULTATIONS VISIBLE IN LoncitupE +120°, Latitupe +36°. 


Mar. 2 234 B.Sgr 59 14 6.0 18 +1.1 86 15 31.5 2.2 +0.7 259 
15 354 B.Tau 64 5 26.7 ae .. 160 . a3 bss .. 209 
20 34 Leo 6.4 7 39.6 21 —07 93 8 38.6 0.2 26 343 
26 b Sco 47 8514 —09 0.0 125 10 3:2 16 +0.1 289 
% 4 Sco 5.7 11298 1.7 0.8 131 12 46.2 Ze 0.5 270 
26 ™ Sco 3.0 13 38.9 on ; 28 13 59.8 : . wee 
28 W Ser 43 i2 321 22 +05 88 13 59.6 2.3 —02 274 
29 183 B.Sgr 6.2 13 8.7 zm 0.0 117 14 196 2.1 +1.2 225 


The quantities in the columns a and b are given for the purpose of making 
these predictions useful for any place within 200 miles of the point indicated. 
The procedure is as follows: Subtract the longitude of the point given from 
the longitude of the place in question; multiply the result, taking the signs into ac- 
count, by the quantity under a for the star to be observed; similarly, with the 
latitude, using b; apply the sum of the products, with its proper sign, to the 
Greenwich C.T., and obtain the predicted Greenwich Civil Time for the phe- 
nomenon at the place of observation. To obtain Eastern Standard Time it is 
necessary to subtract five hours; Central Standard Time, six hours, etc. 
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Meteor Notes from the American Meteor Society 
By CHARLES P. OLIVIER, President 


The annual report for the American Meteor Society is being published a 
month earlier than usual. This undoubtedly will mean that some observers who 
are slow about sending in their last records will have a smaller total than they 
deserve, but it seems wise not to delay the report longer. The tables which 
follow will exhibit briefly the great success that attended the work in 1931. 

Tables | and II are similar; the first is for members, the second for persons 
reporting as do our members but who have not formally joined the Society. In 
both are given the name and station of the observer, the number of nights on 
which regular observations were made, and the number of meteors recorded. Of 
the meteors in Table I, probably 70 per cent were mapped and recorded in full, 
as well as counted; in Table II, a much smaller per cent was mapped. Both 
groups worked under the general instructions issued by the A.M.S., so there is 
considerable uniformity in procedure as well as in records. Table III lists tele- 
scopic meteors, all observed as to date, time, region, and magnitude. Fortunately 
more than half have the position angle of flight also given. This last datum 
doubles the value of the observation. Doubtless other lists will arrive too late 
for inclusion. It is still a matter of much regret that we cannot interest more 
people, especially variable star observers, in this important field, for the labor in- 
volved is almost nothing, no one seeing many telescopic meteors in the course of 
any one year. We will gladly furnish the proper blanks and instructions to per- 
sons willing to use them. 

Finally we give the summary of the meteors reported by volunteers for the 
Perseid and Leonid epochs, and the number of bright meteors and fireballs re- 
ported. Full details of the Perseid counts will be found in “Meteor Notes” of 
October and November, 1931, and of the Leonid counts in those of December, 
1931, and January, 1932. It is quite impracticable to repeat here the name of 
every observer. We have not included in our totals the counts by the Mid-Western 
Meteor Association, of which Professor C. C. Wylie is director, though they 
kindly send us copies of their work for our files, as these have already been pub- 
lished under his auspices. Also none of the counts from ships, usually given only 
in approximate numbers, has been added for the Perseid and Leonid epochs. These 
latter would probably amount to a thousand meteors. The reports on fireballs 
and bright meteors include those most valuable ones passed on to us by the UV. S. 
Weather Bureau and the Hydrographic Office, U.S.N., from ships at sea. They 
also include those brilliant objects (counted of course as only one each in the 
total) for which we have collected anywhere from two to nearly a hundred ob- 
servations each. Such objects will form the subjects of special investigations. 

Glancing at the sum total, it will be seen that 1931 doubled the amount of 
work reported for 1930, which had been our best year up to date. This shows a 
healthy and growing interest in meteoric astronomy. In fact, it is quite impossible 
to tell exactly how many persons did contribute to this report, but the number 
runs well towards a thousand. The daily press also gave us full support in our 
efforts to reach the intelligent public. The A.M.S. may enter 1932 feeling that 
this work has fully justified our most sanguine expectations. 

We welcome these new members: 

W. J. Persons, R.R. 6, Kalamazoo, Michigan. 
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M. Geddes, Otekura, Otago, New Zealand. 

R. E, Clark, Carleton College, Northfield, Minnesota. 

Theodore Pollock, Guilford College, North Carolina. 

Miss Alice Braden, 302 Odette Street, Flint, Michigan. 

H. L. Bowman, 138 South Pugh Street, State College, Pennsylvania. 
G. A. Mulheron, 309 Ash Street, Winnipeg, Manitoba, Canada. 

O. C. Bobbitt, Weather Bureau, Brownsville, Texas. 

J. 1. Wakefield, Greenville, Texas. 

J. H. Pruett, Box 185, Eugene, Oregon. 

Mrs. J. H. Pruett, Box 185, Eugene, Oregon. 

Wesley Simpson, 639 Lockley Place, Webster Groves, Missouri. 
Miss M. F. Schreiber, 812 S. Coronado St., Los Angeles, California. 


Reprint No. 12 of the Flower Observatory, containing the Meteor Notes for 
1931 and two articles on fireballs, one of these latter the joint work of O. E. 
Monnig and the writer, has been partly distributed. Any member who has not 
received his copy will please notify us. Notice is also given that the annual dues 
for 1932 should be sent in. Persons who joined after September 1, 1931, will not 
have to pay dues until January 1, 1933. 

At the request of the Hydrographic Office, U.S.N., the writer wrote an article 
entitled “Methods for Computing the Heights and Paths of Fireballs and 
Meteors,” which has been printed on the back of one of their pilot charts. This 
gives three methods. The chart may be ordered direct from the Hydrographic 
Office, U.S.N., Washington, D. C. Members interested in this problem are ad- 
vised to get it. 

The University authorized the addition of a day assistant to our staff, largely 
to aid in catching up with the meteor work, which was more than the writer could 
possibly handle alone in addition to his other duties. Since September this position 
has been most efficiently filled by Mrs. Doris M. Wills, and we are already be- 
ginning to bring many pieces of work nearer conclusion. In fact, several papers 
now await publication, and we hope from now on to keep our reductions mor 


up to date. 


TABLE I. 

Name Station Nights Meteors 
\bernathy, C. Clearwater, Florida 34 231 
\lpha Nu Fraternity, ¢ Chapter Boulder, Colorado 2 840*4 
Alpha Nu Fraternity, 8 Chapter Denver, Colorado + 350*F 
Bobbitt, O. C. srownsville, Texas 9 414 
Burns, H. A. Spring Valley, New York 3 33 
Claridge, G. C. Reedsburg, Wisconsit 259 
Conboy, J. J. Lawton, Oklahoma l 60 
Darling, B. C. Lansing, Michigan 48 353 
Dartayet, M. La Plata, Argentine 4 62 
Dawson, B. H. La Plata, Argentine 4 82 
Edwards, Mrs. W. H. Fairhope, Alabama 3 518 
Evons, M. L. Drexel Hill, Pennsylvania 1 22 
Ford, C. B. Ann Arbor, Michiga 7 85 
Gardner, R. F. Lakewood, Ohio 21 
Geddes, M. New Plymouth, New Zealand 42 866 
Gell, kK. E, Rochester, New York l 710 
Kingsbury, J. A. Ulster County, New Yor 2 22 
La Paz, L. Columbus, Ohi 12 151 


Count or largely count. 
Probably some duplication. 
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Name 
MacQueen, J. W. 
Marsh, F. F. 
McIntosh, R. A. 
McKee, J. E. 
Mehl, M. 
Monnig, O. E. 
Nininger, H. H. 
O’Byrne, S. L. 
Olivier, C. P. 


Persons, W. J. 
Reich, E. R. 
Ridley, G. W. 
Sanders, B. 
Scudder, W. F. 
Smith. F. W. 
Tomkins, T. K. 
Trimmier, Miss M. FE. 
Troyer, F. L. 
Urquhart, Miss S. 
Wamer, W. P. 
Whitney B. S 
Williams, J. D. 
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Station 


Birmingham, Alabama 


Frederick, Maryland 


Aucklanu, New Zealand 


Bellville, Ohio 

Fort Worth, Texas 

Fort Worth, Texas 
McPherson, Kansas 
Webster Groves, Missouri 
Flower Observatory, Pa. 
Ulster County, New York 
Kalamazoo, Michigan 
Marshfield, Wisconsin 
Alameda, California 

Fort Worth, Texas 
Wellsboro, Pennsylvania 


Glen Olden, Pennsylvania 


North Hills, Pennsylvania 


( ‘hicagi ), Illinois 


Toronto, Canada 

Detroit, Michigan 

Upper Darby, Pennsylvania 
Norman, Oklahoma 


Tunkhannock, Pennsylvania 
Punk k, P yl 


Ten members reporting less than 20 each 


Name 
Baker, S. R. 
3rayton, A. M. 
Clarke, R. G. 
Ensign, M. R. 
Harbutt, R. G. 
Maria Mitchell Observatory 
McLeod, N. W. 
Munoz, J. L. 
Simpson, W. 
Texas Group Volunteers 
Watson, P. S. 


Webster Groves Volunteers 
Name 
Bouton, T. C. H. 
Darling, B. ¢ 


Dawson, Bb. H. 


Flower Observator 


Ford, C. B 
Jones, E. H. 
Marsh, F. F. 
Peltier, L. C. 
Smith, F. W. 


Perseid Epc ch 
Leonid Epoch 


Fireballs 


TABLE II. 

Station 
York, Pennsylvania 
Pasadena, California 
l'ranklin, Pennsylvania 
Gainesville, Florida 
Penney Farms, Florida 
Nantucket, Massachusetts 
Christine, North Dakota 


Webster Groves, Missouri 
Fort Worth, Texas 
Baltimore, Maryland 
Webster Groves, Missouri 


TABLE III. 


TELESCOPIC METEORS. 


Station 





Nights Meteors 
18 129 
3 32 
13 196 
8 58 
4 57 
19 278 
2 296 
10 164 
2 284 
14 399 
2 111 
33 581 
Z So 
1 52 
49 203 
8 37 
4 142 
Zz 280 
7 82 
4 115 
2 134 
31 722 
86 
Total 9564 
Nights Meteors 
2 54 
3 125 
1 50 
1 404* 
ee 30 
1 35 
1 30 
6 95 
13 262 
7 693 
1 26 
10 642 
Total 2446 


Meteors 


St. Petersburg, Florida 3 
Lansing, Michigan 3 
La Plata, Argentine 30 
Upper Darby, Pennsylvania 15 
\nn Arbor, Michigan 23 
Goffstown, New Hampshir« 6 
l'rederick, Maryland 16 
Delphos, Ohio 48 
Glen Olden, Pennsylvania 5 
Total 151 

13,667 

2.940 


245 
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Grand Total of all meteors reported for 1931, with a few not included in 
1930 re port: 


See. x aw. 8. or a ce ee 
Table II Pr tn oe ee eg ee 2,446 
Table III Sy see eee ee 151 
Persea Peorh . . sw sll) ST 
Leonid Epoch . . . . . 2,940 
Fireballs aS INS es ; 245 

Grand Total 29.013 


Flower Observatory of the University of Pennsylvania, 
Upper Darby, Pennsylvania, 1932, January 16. 





The 1932 Return of the Leonid Meteors 


By C. C. WYLIE 


One « 


published by H. A. Newton in 1863, who then ventured to predict the great dis- 


f the earliest investigations of the period of the Leonid meteors was 


play seen in November, 1866. A similar study has recently been published by 
V. Maltzev of Tashkent, U.S.S.R. (Russia) in The Observatory, 54, 297-299. 
From a discussion of past appearances he finds a secular decrease in the period, 
and from the formula derived, he finds “the most probable moment of the crossing 
of the orbit of the earth by the meteoric stream is 1932.92,” or about December 2, 
1932, Irom the observed positions of the node of the Leonids, he derives the 
following formula for the longitude: 
Longitude = 232° 41°6 + 1'728 (1 1900). 

From this formula he calculates for the years 1931 to 1935, inclusive, the moment 
of most probable maximum. Universal, or Greenwich Civil Time, is used. The 
display of 1901 is the latest included in this investigation. 

Stoney and Downing found that perturbations of the Leonid stream by Jupi- 
ter, Saturn, and Uranus may cause an oscillation from the mean value of the 
rate of advance of the node, so that the shower may be a day ahead of, or behind 
a prediction based on the mean rate. The writer has, therefore, compared the 
recent appearances of 1928-1931 with the times as predicted by Maltzev’s formula. 
The Central Standard Time of the earth’s reaching the node was computed and 
compared with the hour of best display as estimated from the available observa- 
tions for each of these years. 

For fixing the maximum in 1928, the observations reported by the Observatorio 





Nacional, Tacubaya, Mexico, are the most complete. Counts art st on the 
night of November 15 just before dawn, and from 14" to 15", more meteors were 
seen on November 16 than on Novemt:1 14. This suggests that the actual maxi- 
mum occurred after dawn on the 15th. We have adopted 15°17", 105th meridian 
time, or November 15718" Central Standard Time. Other reports agree satisfac- 
torily with this estimated time of maximum. 

The maximum in 1929 is poorly determined, as there are no available counts 
by the same observer extending over the essential dates, and clouds prevented any 
observations in England. Counts at Dubuque, Iowa, and Iowa City, Iowa, indi- 
cated that the display was better on November 15 than on November 14. The 
only available report covering both November 15 and November 16 is that from 
the Maria Mitchell Observatory. This indicates there were more Leonids from 
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13" to 14" on the later date. The number, however. is less than that observed by 
a group of the same size from Blue Hill Observatory on November 15. We have 
assumed that the maximum occurred about half-way between these observations 
on the 15th and 16th, or at November 16" 3", Central Standard Time. 

For 1930, more observations are available. J. P. M. Prentice reports several 
English counts of the Leonid meteors. The estimated rate as dawn approached, 
about 12" Central Standard Time, was 80 per hour, and obviously increasing. At 
Iowa City, the count for one observer rose to 100 per hour at 15" 15" when clouds 
caused a drop. It cleared again and the rate rose to 123 per hour for one observer 
at 17" 30", but there were fewer brilliant meteors than before clouds interfered. At 
Tacubaya, Mexico, the highest count was reached for the half hour from 16" 00" 
to 16" 30" (approximately 3:30 A.M. to 4:00 A.M. Tacubaya local time). From the 
Tacubaya counts, one might assume that the real maximum was reached by 16", as 
the increase in altitude of the radiant should cause some increase in the count. 
The highest count reported by any single observer was made at Iowa City just 
before dawn, but spectacular meteors were most numerous at about 15" 45", three 
leaving ten-minute trails, and it is reasonable to assume that except for the clouds, 
and the lower altitude of the radiant, the count would have been higher. We 
have adopted November 16" 15" 30" as the moment of maximum. 

Some reports on the 1931 Leonid meteors are now available from England, 
from various parts of the United States, and from Honolulu. Unfortunately. 
clouds interfered in each of these places on November 16, the night of the maxi 
mum. Mr. Prentice was stopped by clouds at 3" 30" A.m., the estimated rate being 
then 25 per hour. The most complete counts available were made by two groups 
in New York state, at an altitude of more than 2000 feet, Professor Olivier being 
with one of the two. These show the highest count for the hour 15" to 16", Cen- 
tral Standard Time, or just before dawn in New York state. At Cleveland, an 
hour west, Professor Nassau also found the count highest just before local dawn. 
At Auburn, Alabama, Professor Hampton saw a spectacular display, after the rate 
in New York had dropped. The report from the Steward Observatory, Tucson, 
Arizona, and Dr. Merrill's count from Las Vegas, Nevada, indicate that the dis- 
play was spectacular some three hours after dawn in New York. First reports 
from Honolulu indicate the display was not so spectacular there, but clouds inte1 
fered. The counts of Father Theobald at Dubuque, Iowa, on the 15th and 17th 
suggest that the maximum was nearer the observations of the second date. From 
these considerations we have adopted November 16°18" as the moment of maxi- 
mum in 1931. 

The following table gives for the years 1928 to 1931, inclusive, the times 
adopted in the preceding paragraphs from actual observations, the moment of 
maximum as computed from the formula, and the derived corrections. 


Observed Computed Correction 
Year Maximum Maximum Oo—C 
d h ad 1 h 
1928 Nov. 15 18 Nov. 15 08 +10 
1929 16 03 15 14 me 
1930 16 1514 15 21 +18 
1931 16 18 16 04 +14 


Averaging the last column we obtain +14" as the correction to Maltzev’s 
ephemeris. The following table gives the computed time of maximum, the time 
with the correction added and the age of the moon, for the Leonid maxima of 


1932 to 1935, inclusive. Central Standard Time, and noon-to-noon reckoning, is 
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used, 

Computed Corrected Age of 
Year Maximum Maximum Moon 
ah d Days 

1932 Nov. 15 11 Nov. 16 01 18 

1933 15 17 16 07 28 

1934 15 23 16 13 9 

1935 16 06 16 20 21 


The corrected time of maximum falls in 1932 in the early afternoon of 
November 16 for persons in the Eastern and Central time belts. This indicates 
the early morning of November 16 (Civil Time) should be the time of best dis- 
play in the United States. According to this prediction, Americans will miss the 
most spectacular shower. It will be witnessed in the early morning hours of 
November 17 (Civil Time) by residents of Japan, Korea, China, and the Philip- 
pines. Australia is rather far south, but should get an excellent view. The 
brilliant moon, only three days after full and 28° north declination, will greatly 
cut down the number of meteors visible. 

Mr. Maltzev finds, as we have stated, that the nucleus of the meteoric stream 
crosses the earth’s orbit about December 2, 1932. If this be correct, the shower 
of 1932 should be the most spectacular of this series; but perturbations may well 
alter the date by several months. From a study of the perturbations of Tempel’s 
Comet, the associated comet, Crommelin concludes that the date of perihelion is 
uncertain by months, but he adopts November 1, 1932, as the probable date, with 
the comet passing the node 5% days after. Also the comet passes half a million 
miles closer to the earth’s orbit than in 1899. 

lo summarize—The recent excellent displays of Leonid meteors, the investi- 
gation of the orbit of Tempel’s Comet by Crommelin, and the study of the period 
of the Leonids by Maltzev all encourage us to hope for a spectacular display in 
November, 1932. The investigation of the present position of the node from the 


he 


displays of 1928-1931, however, indicates that the Japanese and Chinese have t 
best chance of seeing a wonderful shower such as Americans saw in 1833. Out 
result is that Americans will see the advance guard in the morning hours of 
November 16, and the rear guard after 11:00 o'clock on the following night, the 
real shower being seen over Australia, China, Japan, and the Philippines in the 
morning hours of November 17. 


University of lowa, January 19, 1932. 
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lhe weather conditions during the interval covered by this report have been 
very inclement, as indicated by the meagerness of the reports from almost ever) 
section. Eastern United States appears to have fared better than most places, as 
evidenced by the reports from New Hampshire, Ohio, and a few other location 

We are grateful to Professor J. C. Duncan of the Wellesley College Obsery 


communicating a valuable set of observations by o yf his students, Miss 
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VARIABLE STAR OBSERVATIONS RECEIVED DurING DecEeMBER, 1931. 
Nov. 0 = J.D. 2426646 ; 


Oct. 0 = J.D. 2426615; 
J.D.Est.Obs. 


J.D.Est.Obs. 


V Sct 
000339 
645 13.6 En 
= Set 
001032 
628 7.7 Bl 
638 7.0 Bl 
645 7.4En 
659 7.3 Pt 
X AND 
001046 
672[13.2 Bw 
681[13.4 Bw 
691[13.4 Bw 


e 


2 Cer 

001620 
677 6.5L 

T Anp 

001726 
644 88Ch 
648 8.8 Th 
648 8.4Jo 
651 83Jo 
653 8.2 Jo 
657 8.1Jo 
658 8.1 Jo 
659 8.6 Pt 
662 8.1Hu 
663 8.0 Hu 
667 8.7 Th 
671 82Hu 
672 8.0Jo 
674 8.3 Md 
676 8.1 Jo 
677 8.2Hu 
683 9.3 Hu 
687 8.7 Hu 
690 8.6 Hu 
691 8.5 Me 

T Cas 

001755 
644 9.9Ch 
648 10.1 Th 
648 94Jo 
649 9.4Mn 
651 9.3]Jo 
653 9.4Jo 
655 9.2 Jo 
657 9.6Jo 
658 8.7 Jo 
658 9.1B 
658 9.2 Mn 
659 8.9 Pt 
661 9.0 Th 
668 8.6Jo 
672 8.5Jo 
675 8.4L 

8.4 
9.5 


md 
Lom) 
= 


% Cas 
001755 
678 8.5 Mc 
678 8.9 Me 
688 8.6 Al 
R ANpD 
001838 
656 12.0 Ch 
659 11.4 Pt 
677 99 Hu 
678 9.9Ma 
683 9.8 Hu 
690 9.5 Hu 
S Tuc 
001862 
621[14.0 S1 
628[ 13.2 Bl 
645/13.2 En 
3S Acker 
001900 
8.9 Ch 
8.5 Jo 
8.7 Jo 
9.0 Ch 
8.7 Jo 
8.8 Jo 
8.9 Pt 
8.4 Hu 

9.4Hu 
9.2 Jo 
9.4 Jo 
10.0 Hu 
677 96L 
678 10.0Sf 
683 10.1 Sf 
690 10.5 Sf 
690 10.4 Hu 
a. ee 
002438a 
645 9.4En 
T PHE 
002546 
624 14.1 SI 
628[13.2 Bl 
645[13.0 En 
W Sci 
0028 33 
628 13.1 Bl 
645 13.0 En 
Y Crp 
003179 
673[13.9 Br 
U Cas 
004047a 
653 94Jo 
655 9.2Jo 
658 9.0 Jo 
659 8.9 Pt 
662 9.1 Hu 


645 
652 
655 
656 
657 
658 
659 
663 
671 
672 
676 
677 


J.D.Est.Obs. 


U Cas 
004047a 
663 
668 
671 
672 
674 9 
676 9 
677 9. 
677 9 
678 9 
683 
690 
690 
691 10.4 Bw 
692 10.3 Me 
— Cas 
004047b 
659 10.4 Pt 
RW Anp 
004132 
673 12.9 Br 
690 11.1 Hu 
V ANpD 
004435 
673[13.6 Br 
674[14.4 Br 
xz ‘Sel. 
004435 
628] 13.0 Bl 
RV Cas 
004746a 
659 13.4 Pt 
674 11.7 Br 
W Cas 
004958 
11.3 Jo 
10.8 Jo 
10.4 Jo 
10.2 Jo 
9.9 Jo 
11,1 Pt 
10.6 B 
10.7 Bo 
9.9 Jo 
9.7 Jo 
10.5 Bw 
10.6 Bo 
10.5 Bo 
10.4 Bo 
10.6 Bw 
10.5 Al 
10.5 Bw 
U Tuc 
005475 
621 11.0 SI 
628 10.3 Sl 
628 10.4 Bl 
637 9.9S] 


648 
652 
655 
657 
658 
659 
660 
666 
668 
672 
672 
677 
678 
681 
681 
688 
691 


J.D.Est.Obs. 


U Tuc 
005475 
638 9.9 Bl 
645 9.5 En 
647 9.2SI1 
2 Os 
O10102 
659 11.4 Pt 
668 9I8L 
L Sct 
010630 
628[13.2 Bl 
U Anp 
010940 
663 12.6 Hu 
667 11.7 Hu 
668 11.8L 
674 11.4 Br 
683 11.0 Hu 
690 10.7 Hu 
UZ ANpb 
011041 
668 10.8 L 
678 11.3 Ma 
691 12.5 Bw 
S Pse 
011208 
674 13.6 Br 
S Cas 
011272 
653 11.0B 
653 10.6 Jo 
655 10.5 Jo 
656 10.8 Ch 
657 9.9Jo 
658 98 Jo 
666 9.2B 
668 9.0Jo 
670 91B 
676 9.0B 
676 8.7 Jo 
691 88 Me 
U Psc 
011712 
659 13.0 Pt 
RZ PER 
012350 
656 10.0B 
668 9.3L 
681 10.0 Md 
R Psc 
012502 
8.5 Ah 
8.6 Ah 
8.5 Ah 
8.6 Ah 
8.6 Ah 
8.5 Ch 
8.3 Pt 


Dec. 0 = J.D. 2426676. 


J.D.Est.Obs. 
RU Anpb 
013238 
659 11.7 Pt 
668 12.6 L 
678 13.6 Ma 
Y AND 
013338 
663[12.4 Hu 
674[14.4 Br 
678[12.6 Ma 
X Cas 
014958 
650 10.4 Jo 
653 10.0 Jo 
5 10.0 Jo 
10.2 Jo 
10.1 Jo 
10.9 Pt 
10.1B 
668 10.0 Jo 
672 99Jo 
683 11.5 Bn 
U Perr 
015254 
8.4 Ch 
8.6 Ry 
8.7 Jo 
8.6 Jo 
8.6 Ry 
8.4 Jo 
8.3 Jo 
8.4 Ry 
8.2 Pt 
8.7 Bo 


666 


645 
647 
650 
653 
653 
655 
657 
658 
659 
663 
666 
666 
675 
676 8 
676 & 
677 8 
678 8 
678 
681 
XX PER 
015654 
8.0 Ch 
S Ari 
015912 
674[14.3 Br 
R Ari 
021024 
658 12.7B 
659 13.2 Pt 
674 11.8 Br 
678 12.0 Ma 
W AnpD 
021143a 
645 11.4Ch 
659 12.0 Pt 


645 


J.D.Est.Obs. 
T PER 
021258 

650 8.7 Ah 

650 

655 

658 8.5 Jo 

659 8 

666 8 

677 8 

678 

681 


021403 
7.9 Sl 
8.0 Sl] 
8.5 Lv 
8.2 Sl 
8.8 En 
8.5 Sl 
9.0 Ah 
8.6 Si 
9.0 Ah 
8.6 Jo 
9.1 Ah 
9.1 Mn 
8.6 Lv 
8.7 Jo 
9.3 Ah 

8.7 Jo 


621 
628 
636 
637 
645 
647 
648 
649 
650 
650 
651 
651 
652 
655 
656 
658 
659 
659 
659 
662 
662 
666 
666 
668 
671 
672 
672 
676 
676 
677 
678 
678 
678 
678 
678 
680 
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VARIABLE STAR OBSERVATIONS RECEIVED DurRING DECEMBER, 


J.D.Est.Obs. 
S Per 
021558 
10.4 Pt 
9.8 Bo 
10.0 Bo 
677 10.3 Me 
678 10.1 Bo 
681 10.0 Bo 
R Cet 
022000 
645 10.9 Ch 
650 10.2 Jo 
653 10.0 Jo 


659 
666 
677 


655 9.9Jo 
656 9.8 Ch 
658 9.0 Jo 
668 8.8L 
675 8.2Jo 
683 8.4 Sf 
688 83 Bg 
RR Perr 
022150 


645 10.3 Ch 
659 10.3 Pt 
660 9.6B 
675 11.3 L 
R For 
022426 
628 11.4 Bl 
638 10.5 BI 
U Cet 
022813 
650 . 
655 
656 
659 
668 
676 


R Tri 
023133 
11.3 Ch 
10.8 Ah 
11.2 Ah 
650 10.9 Jo 
655 11.0 Jo 
657 11.3 Jo 
658 11.4 Jo 
658 11.5 Ah 
659 11.0 Pt 
11.5 Jo 
11.5 Sf 
11.4 Ma 
11.7 Sf 
10.5 Pk 
10.6 C 
T Art 
024217 
8.9 Jo 
92 To 


645 
648 


650 


676 
678 
678 
683 
705 


705 


650 


655 


J.D.Est.Obs. 


T Arr 
023217 
9.2 Jo 
9.4 Jo 
9.4Jo 
9.9 Me 
682 9.9Me 
692 10.2 Me 
W PER 
024356 
5 10.8 Ch 
7 10.9Ry 
10.0 Jo 
10.2 Jo 
11.0 Ry 
10.3 B 
5 10.6 Jo 
10.5 B 
10.7 Cy 
10.6 Jo 
10.8 Jo 
11.0 Ry 
11.0 Pt 
10.8 B 
11.2 Cy 
10.6 B 
10.0 To 
9.7 Mc 
10.0 Jo 
10.6 B 
9.9 Mc 
10.3 Cy 
11.5 Me 
R Hor 
025050 
10.9 SI 
11.1 S] 
11.0 Bl 
11.8 En 
T Hor 
025751 
621 12.1 S1 
628 12.4 SI 
637 13.0 SI 
638 13.0 BI 
646 13.0 En 
647 13.1 SI 
U Ar! 
030514 


658 
671 
676 
677 


621 
637 
638 
645 


Xx C ET 

031401 
9.0L 
9.3 Jo 
8.7 To 
9.4Ch 
8.7 Jo 


649 
653 
655 
656 
658 





J.D.Est.Obs. 


X Cer 
031401 
8.8 Pt 
8.0 Jo 
9.0 Hu 
9.3 Sf 
9.4 Sf 
9.1 Hu 
9.4 Sf 
Y Per 
032043 
10.4 Ah 
10.4 Ah 
9.6 Jo 
9.7 Jo 
655 9.9 Jo 
656 10.4 Ch 
7 10.4 Ah 
9.9 Jo 
98 Jo 
10.0 Pt 
10.4 Bo 
10.0 To 
10.2 Mc 
10.4 Jo 
677 10.1 Mc 
678 10.7 = 
681 10.8 Bi 
R og 
032335 
8.8 Ch 
8.6 To 
8.7 Jo 
8.7 Jo 
9.1 Pt 
8.9B 
Sst. 
676 9.0 Jo 
678 8.9Ma 
Nov Per 
032443 
659 13.2 Pt 
U Eri 
034625 
9.5 En 
T Err 
035124 
646 9.5 En 
R Tau 
042209 
659 12.6 Pt 
662 13.0 Ch 
678 13.2 Ma 
683 12.5 Hu 
687 12.0 Hu 
690 12.4Hu 
W Tau 
042215 
650 9.7 Jo 
653 9.9Jo 


659 
675 
677 
678 
683 
683 
690 


648 
650 
650 
653 


666 
668 
675 
676 


645 
650 
653 
655 
659 
660 
668 


646 


J.D.Est.Obs. 
W Tau 
042215 
10.1 Jo 
657 10.5 Jo 
659 10.1 Cy 
659 10.0 Pt 
662 10.0 Ch 
668 10.4L 
675 10.4 Jo 
676 10.0B 
678 10.2 Cy 
680 10.90 
680 10.9 Sa 
692 100 Bw 
S Tau 
042309 
659 13.3 Pt 
661 13.0 Ch 
678 13.6 Ma 


655 


T Cam 
043065 
649 8.6L 
650 8.4 To 
653 8.5 Jo 
655 87 To 
657 8.7 Jo 
658 8.8 To 
659 9.1 Pt 
661 9.1 Ch 
666 9.3 Bo 
668 8.9 To 
675 9.3 Jo 
677 9.2L 
678 96B 
681 96 Bo 
RX Tau 
043208 


649 126L 
661 13.0 Ch 
677 13.5 L 


R Retr 
043263 
621 92S] 
628 86S] 
638 7.6 SI 
638 7.8 Bl 
646 7.2En 
647 7.1SI1 
X Cam 
043274 
649 10.1 L 
655 86Jo 
657 82To 
658 8. 5 lo 
659 9.5 Pt 
676 8&2B 
677 79L 
R Dor 
043562 
621 5.0SI 


J.D.Est.Obs. 


R Dor 

043562 
628 49S] 
637 
638 
646 
647 


638 


646 


V Tau 
044617 
9.8 Ch 
658 9.9 Jo 
659 9.9 Pt 
676 12.3 Jo 
R Ort 
045307 
675 9.3L 
676 9.5Wa 
681 10.0Sf 
R Lep 
045514 
7.0S1 


656 


624 
637 
651 
655 
658 
659 
661 
6608 
675 
678 
V 
050003 
649 13.6 L 
659 13.4 Pt 
687 12.6 Hu 
690 12.5 Hu 
T Lep 
050022 
638 10.4 BI 
651 11.5 Jo 
655 11.0 Jo 
659 11.0 Pt 
668 10.7 Jo 
S Pic 


tt 1) 


To 
.8 


UCANNNN 


bo 


~~ 


NIN 


Pt 
Si 
Jo 
‘4 
4Ma 
Or! 


050848 
638[12.2 Bl 
646[12.9 En 
R Aur 
050953 

7.7 Ah 

7.6 Ah 


648 
649 
649 


7.6 Mn 


1931. 
J.D.Est.Obs. 
R Aur 
050953 
650 7.5 Ah 
651 7.6 Ah 
653 7.7 Jo 
655 7.5Jo 
656 7:5 Ah 
657. 7.5 Ah 
657 7.5 Jo 
658 7.6Jo 
658 7.5 Ah 
659 7.0 Pt 
663 7.5 Mn 
667 7.5 Ah 
668 7.3 Jo 
668 7.5 Ch 
669 7.7 Wd 
671 7.3 Jo 
676 7AJo 
676 79 Wd 
676 7.9Wa 
688 7.7 Bg 
a fae 
051247 


638 8.3 Bl 
646 88En 
T Cor 
051533 
9.0 Bl 
9.5 En 
S Aur 
052034 
8:7 Jo 
8.8 Jo 
8.9 Jo 
8.9 To 
8.8 Jo 
8.6 Pt 
10.1 Bo 
10.5 Ch 
9.3 Jo 
9.3 Mc 
678 10.6 Bo 
681 10.6 Bo 
W Avr 
052036 
123 i 
11.6 Jo 
11.0 Jo 
11.4 Ch 
97 Jo 
10.5 Wa 
10.2 L 
98 Ma 
9.2 Sf 
8.6 Sf 
S Or 
052404 
655 10.4Jo 


638 
646 


650 
653 
655 
657 
658 
659 
666 
668 
675 
677 


649 
655 
658 
668 
675 
676 
677 
678 
681 
690 
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VARIABLE STAR OBSERVATIONS RECEIVED DuriING DecemBer, 1931. 
J.D.Est.Obs. 


J.D.Est.Obs. 


S Ort 
052404 
659 10.5 Pt 
668 10.5 Ch 
678 11.3 Ma 
T Ort 
053005a 
649 10.2 L 
650 10.7 Jo 
655 10.4 Jo 
656 10.1 L 
657 10.2 L 
658 10.1 Jo 
661 10.5 Pt 
661 9.9 Me 
662 10.5 Pt 
667 10.6 Pt 
668 10.1 Jo 
668 10.1 L 
668 10.5 Ch 
672 10.4 Bw 
675 10.8 L 
676 10.7 Jo 
677 10.1 Me 
677 10.5 L 
678 10.7 Pt 
678 99Ma 
678 9.9 Me 
682 10.5 Pt 
683 10.5 Pt 
687 10.5 Pt 
691 10.0 Me 
691 10.4 Bw 
692 9.9 Me 
AN Or! 
053005t 
678 11.4 Ma 
691 11.4 Me 


S Cam 

053068 
650 8.0 Jo 
653 8.1 Jo 
655 8.1 Jo 
657. 8.2 To 
658 8.4Jo 
659 8.6 Pt 
668 8.4 Jo 
675 8.5 Jo 

RR Tau 


053326 
649 11.8L 
656 11.2 L 
668 12.6 L 
677 11.0 L 

RU Aur 

053337 
661 10.6 Pt 
667 11.2 Pt 
668 99Ch 
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J.D.Est.Obs. 
U Aur 
053531 

659 13.3 Pt 

668[13.4 L 


Y Tau 
053920 
649 7.1 Mn 
663 7.1 Mn 
SU Tau 
054319 
649 9.6L 
656 9.7 Ch 
659 9.6 Pt 
661 9.7 Pt 
662 9.7 Pt 
664 9.7 Ch 
667 9.6 Pt 
668 9.7L 
677 9.7L 
678 9.6 Pt 
678 9.5 Ma 
682 9.6 Pt 
683 9.6 Pt 
687 9.6 Pt 
S Con 
054331 


638 12.0 Bl 
646 12.2 En 
Z Tau 
054615a 
675 12.0L 
678 12.3 Ma 
RU Tau 
054615c 
675 12.6 L 
678 13.1 Ma 
R Cor 
054629 
638 10.4 Bl 
646 10.9 En 


a Ori 
054907 
624 0.1 SI 
649 0.9 Si 
652 09Si 
653 1.0 Si 
654 1.1 Si 
U Ort 
054920a 
624 81S] 
648 63 Ah 
649 62 Ah 
650 6.2 Ah 
650 5.8 To 
651 6.2 Ah 
656 6.1 Ah 
656 5.8Ch 
657. 6.0 Ah 
659 5.8 Pt 
667 6.2 Wad 


J.D.Est.Obs. 
U Ort! 
054920a 

669 6.1 Wd 

675 5.8 Mc 

675 5.6 Jo 

676 5.6 Wa 

677. 6.0 Mc 

677 63 Hu 

678 6.2 Me 

678 5.7 Wa 

683 6.4Hu 

687 69 Hu 
V Cam 
054974 


649 10.4L 
659 10.9 Pt 
677 11.0L 
678 10.9 Pt 
681 11.1 Sf 
690 11.1 Sf 
Z AuR 
055353 
10.0 Jo 
658 10.5 Jo 
659 10.8 Pt 
661 10.8 Pt 
662 10.6 Pt 
666 10.8 Pt 
675 10.5 Mc 
676 10.5 Jo 
677 10.4Mc 
678 10.2 Me 
678 10.2 Pt 
682 10.3 Pt 
683 10.2 Pt 
687 10.1 Pt 
688 10.4 Sf 
690 9.9 Sf 
R Oct 
055686 
9.6 Bl 
X AuR 
060450 
656 11.8 L 
659 12.1 Pt 
661 11.6 Ch 
667 11.3 Ch 
677 10.4 8 
681 10.1 Sf 
690 9.7 Sf 
V AUR 
061647 
656 12.1 L 
677 12.0L 
V Mon 
061702 
659 11.2 Pt 
AG AUR 
062047 
9.3 Mn 


6530 


638 


659 


J.D.Est.Obs. 
AG Aur 
062047 
9.1 Mn 
9.2 Mn 
668 9.2L 
677 9.4L 
R Mon 
063308 
659 12.8 Pt 
Nov Pic 
063462 
8.4 En 
S Lyn 
063558 
647 13.4 Ry 
653. 13.3 Ry 
658 13.4 Ry 
635° 13.2 Pt 
668 13.2 L 
X GEM 
064030 
678 11.4 Ma 
683 10.7 Bn 
693 11.6 Bn 
Y Mon 
065111 
649 13.6 L 
659 13.6 Pt 
13.9 L 
687 13.0 Hu 
690 12.9 Hu 
X Mon 
065208 
658 8.5L 


663 
667 


645 


677 


R Lyn 
065355 
648 8.7 \In 
648 8.7 Ah 
649 8&8Ah 
650 8.8 Ah 
651 8&8 Ah 
656 8.9 Ah 
€57 89 Ah 
661 9.1 Mn 
668 9.1L 
Z CMa 
O6591T 
624 9.3 SI 
637 9.3 Sl 
V CM 
070109 
659 9.0 Pt 


675 10.0 L 
692 10.8 Bw 


R Gem 
070122a 
648 9.3 Ah 
649 9.2 Ah 
650 9.1 Ah 
650 8.2 Jo 


R Gem 
070122a 
651 8.9 Ah 
655 7.7 Jo 
655 8.0 Mn 
656 8.0 Ah 
658 7.7 Jo 
659 7.6 Pt 
662 7.8 Mn 
667 7.5Ch 
667 7.5 Wd 
668 6.9 Jo 
669 7.3 Wd 
687 7.1 Hu 
690 6.6 Hu 
691 68 Me 
Z GEM 
070122b 
659 12.5 Pt 
TW Gem 
070122c 
659 7.8 Pt 
R CM1 
070310 


658 10.1 Jo 
659 10.7 Pt 
675 10.8 L 
L. Pup 
071044 

3.8 SI 

4.0 Sl 


624 
637 


072708 
651 8.9 Jo 
655 9.4 Jo 
658 10.5 Jo 
659 9.5 Pt 
659 9.8Ch 

U CM 

073508 
659 10.2 Pt 
668 9.9L 
676 98 Jo 

S GEM 


648 9.7 
5 


J.D.Est.Obs. 


T Gem 
074323 
9.8 Ah 
9.8 Ah 
10.0 Jo 
10.4 Ah 
9.6 Pt 
11.0 Ch 
11.5 Bw 
R Cnc 
081112 
11.0 Jo 
10.9 Jo 
11.0 Ch 
Set 
10.7 Hu 
V Cnc 
081617 
8.7 Ah 
8.4L 
8.9 Ah 
9.0 Ch 
Grr O21. 
682 9.4Pt 
RT Hya 
08 2405 
678 9.0L 
682 8.6L 
R CHA 
08 2476 
8.7 Bl 
8.3 Sl 
627 8.6 Bl 
638 8.5 Bl 
U Cnc 
083019 
649 11.1L 
677 13.1 L 
S Hya 
084803 
664[11.5 Ch 
682 11.9 Pt 


650 
651 
655 
656 
659 
664 
692 


651 
655 
664 
682 
687 


649 
649 
656 
664 


619 
621 


T Hya 
08 5008 
664. 7.4Ch 
675. 73 L 
682 7.4Pt 
687 8.1 Hu 
T Cnc 
085120 
651 8.1Jo 
658 8.0 To 
664 9.0 Ch 
682 8.0 Pt 
V UMA 
090151 


677 10.0 Me 
678 10.1 Me 








— —_—_ == 


lu 


Oo 


‘h 


Ic 
Ic 


VARIABLE STAR OBSERVATIONS RECEIVED DurING DeEcEMBER, 1931. 
J.D.Est.Obs. J.D.Est.Obs. J.D.Est.Obs. J.D.Est.Obs. J.D.Est.Obs. J.D.Est.Obs. 
W Cnc U Hya T CVn V CVN U UM1 S CrB 
090425 103212 122532 131546 141567 151731 
677 12.8 L 664 5.3Ch 66611.8Ch 661 69GD 648 11.5 Ah 650 68Ah 
RX UMa R UMa _ 682 11.0 Pt R Hya 650 11.5Ah 650 6.6Jo 
090567 103769 Y Vir 132422 652 10.8Jo 652 68Jo 
675 10.9 L 648 10.8 Ah 122803 668 8.6Ch 657 11.3Jo 655 6.5 Ch 
RW Car 648 10.7 Mn 668 13.2 L 675 BIL 659 11.7 Pt 656 69Jo 
091868 650 11.2 Jo U Cen S Vir S Boo 659 6.7 Pt 
619[11.4Bl 650 10.5 Ah 122854 132706 141954 661 7.0 Mn 
R Car 652 10.5Sz 619/124Bl 665 11.2Ch 659 13.0Pt 661 68Th 
002062 658 11.5 Jo T UMA RV CEN 675 13.2 L 667 7.0 Ah 
619 62Bl 668 11.2 Ch 123160 133155 RS Vir RS Lis 
624 6.5 SI] 678 12.1Wd 648 7.3 Ah_ 619 7.9 Bl 142205 151822 
627 62Bl 682120Pt 649 74Ah 619 84En 668 9.7L 619 10.5 BI 
637. 68S] V Hya 650 7.3Ah 627 7.8 BI V Boo 627 10.0 Bl 
638 7.0 Bl 104620 650 7.2Jo 637 7.6Bil 142539a 627 10.4 En 
X Hya 666 7.2Ch 651 7.3 Ah T UMr 648 9.8 Ah R Nor 
003014 678 6.6L 653 7.3Jo 133273 649 10.1 Mn 152849 
664 81Ch 683 63Pt 655 7.3Jo 648 13.9L 650 9.7 Ah 619 13.4 Bl 
Y Dra W Leo 656 7.2Ah 677 13.4L 650 9.2Jo 627{12.8 En 
093178 104814 657 7.2 Ah T CEn 653 9.4Jo X Lis 
675 13.1L 668 11.9Ch 658 7.3 Ah 133633 655 95 Jo 153020 
R LM 668 12.1 L 658 74Jo 623 7.1 Bl 659 95Pt 619 11.4 BI 
(93934 RS Car 658 7.6Mn 623 7.0S1 661 10.2 Mn 627 11.0 BI 
651 11.0 Ah 110361 665 7.0Ch 627 7.2Bl 665 9.9Ch W Lip 
656 10.9 Ah 624] iZ.35 667 7.5 Ah 627 71S] % Boo 153215 
664 11.2 Ch S Leo 676 8.3Wd RT CEN 143227 623[12.5 Bl 
682 11.8 Pt 110506 676 8.0Jo 134236 648 7.3 Ah SUM: 
R Leo 668 11.4L 682 88 Pt 623[13.0Bl 650 7.5 Ah 153378 
094211 668 11.1 Ch R Vir R CVn 659 7.5 Pt 645 10.5Ch 
651 9.5Jo 683 11.3 Pt 123307 134440 665 7.Ch 648 99 Ah 
651 10.1 Ah RY Car 683 7.2Pt 666 10.5 Ch S Lup 650 9.9 Ah 
655 9.3 Jo 111561 RS UMa _ 682 10.3 Pt 144646a 653 9.6 To 
656 9.6Ah 619 12.4 Bl 123459 RX Cen 619f12.1 En 655 98 Jo 
658 9.2 Jo RS Cen 647 13.1 Ry 134536 621 13.5S1 657 10.0 Ah 
682 9.0 Pt IITI661 683 14.0Pt 623 9.6 BI Y Lupe 659 10.6 Pt 
692 86Me 619[12.7 Bl S UMa 627 9.6 Bl 145254 678 11.4 Me 
L Car W CEN 123961 T Apes 619f13.7 Bl 678 11.7 Sf 
094262 115058 64% 11.0 Ah 134677 S Aps U Lis 
624 35S! 619 11.3B1 650 11.1 Ah 619[13.2 BI 145071 153620a 
637 3.9S1 627 O8BI 650 11.6 Jo Z Boo 619 11.2Bl 623 11.56 
V Leo 637 9.1Bl 653 11.7 To 140113 619 11.0En 627 11.2 Dl 
095421 R Com 655 12.0JTo 668 13.0 L 621 11.1 SI T Nor 
664[11.9 Ch 115919 658 12.0 Jo Z Vir 623 11.2 Bl 153654 
682 12.5 Pt 668/12.5 Ch 676 11.5 Jo 140512 627 11.3 Bl 619 7.2K 
S Car SU Vir 678 12.0Wd 668[11.0L 627 11.1En 627 7.1£F 
100661 120012 682 11.8 Pt RU Hya_ 637 10.8 BI Z Lu 
619 84Bl 668 10.3 Ch RU Vir 140528 646 10.9 En 15.4020 
624 83S] 668 10.41. 124204 623 10.1 Bl Y Lips 312.7 Bl 
627 88Bl 683 9.5 Pt 668 13.5L 627 10.3 Bl 150605 R CrbB 
637 8.3 SI T Vir U Vir R CEN 677 9.61 154428 
638 8.6Bl 120005 124606 1410059 S SER 643 6.1 Ch 
U UMa 668 10.0L 668 13.4 L 619 10.0 Bl 151714 646 6.4We 
100860 683 98 Pt U Oct 619 10.4FEn 677 10.5 L 648 6.01 
648 6.7 Mn R Crv 131283 621 10.5 S1 S CrB 648 6.1 Ah 
658 6.7 Mn 121418 619 12.6 Bl 625 10.3 En 151731 649 6.1 Si 
663 68 Mn 668 10.3 L 619 129 En 627 10.4 Bl 641 7.0Th 649 5.8 Mn 
Z CAR SS Vir 627 11.8B1l 637 10.5BIl 648 68Th 649 6.3 We 
101058a 122001 637 11.0 Bl 641 9.4S]1 648 66Ah 650 6.0 Jo 
619/11.8Bl 668 7.6L 649 7.0Mn 650 6.2 Ah 
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VARI 
J.D.Est.Obs. 


677 13.4L 
V CrB 
154639 

648 8.1 Ah 

650 83 Ah 

656 8.4Jo 

658 8.4Jo 

659 7.8 Pt 

661 84Th 
R Lup 
154736 

619[12.0 En 

622 12.3 Sl] 
Z CrB 
155229 

676 11.5L 
RZ Sco 
155823 

619 9.0 En 

627 9.1En 
Z Sco 
160021 

619 9.7 BI 

619 10.0 En 

627 10.1 En 

627 9.6 Bl 

637 99 Bl 
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ABLE STAR OBSERVATIONS RECEIVED DurING DecEMBER, 1931. 


J.D.Est.Obs. 


R Her 
160118 
8.8 Jo 
8.6 Jo 
8.7 Jo 
8.6 Jo 
8.6 Jo 
8.7 Pt 
U Ser 
160210 
659 10.4 Pt 
X Sco 
160022I1a 
619[12.8 Bl 
SX Her 


650 
652 
655 
657 
658 
659 


659 
656 
669 
671 
676 8.5L 
678 8.7 Pt 
W Sco 
160519 
619[12.6 Bl 
RU Her 
160625 
659 13.3 Pt 
R Sco 
I161122a 
619[12.8 Bl 
S Sco 
161122b 
619/12.8 Bl 
W CrB 
161138 
659 12.7 Pt 
U Her 
162119 
643 1 
650 


feat 
J 


svt 
Tienw ty 


657 
658 ‘ 
659 11.5 Pt 


162807 
659 10.7 Pt 
T Opn 
162815 
619[12.0 Bl 
S Opnu 
162816 
619 11.2 Bl 
627 11.9 Bl 
W Her 
163137 


645 11.9 Ch 


J.D.Est.Obs. 


W Her 
163137 
652 10.7 Sz 
659 11.8 Pt 
R UM 
163172 
10.5 Jo 
10.4 Jo 
10.1 Jo 
10.0 Jo 
10.3 Jo 
10.2 Jo 
676 10.3 Jo 
675 10.1 L 
678 94Mc 
R Dra 
163266 
648 10.3 Mn 
650 11.0 Ah 
650 10.6 Jo 
653 10.7 Jo 
655 11.0 Ch 
657 10.8 Jo 
658 11.7 Jo 
659 11.5 Pt 
671 11.0 Wd 
RR Op 
164319 
619f12.0 En 
627[12.0 En 
S Her 
164715 
659 12.5 Pt 
RS Sco 
164844 
619 11.3 En 


650 
653 
657 
658 
668 


672 


627 1 
627 1 
1 


637 


165030a 
619 10.1 Bl 
619 11.0 En 
621 10.8 SI 
627 99SI 
627 9.6 Bl 
627 10.5 En 
633 9.3 SI 
637 8.6 Bl 
646 83SI1 
646 84En 

RV Her 

165631 
646 11.2 Ch 
650 10.3 Jo 
652 11.1 Re 
653 10.0 Jo 
655 10.0 Jo 


J.D.Est.Obs. 


RV Her 
165631 
98 Jo 
9.8 Jo 
10.4 Pt 
10.6 Re 
9.9 Jo 
10.2 Jo 
676 99L 
679 10.3 Re 
685 10.4 Re 
RT Sco 
165636 
619 14.2 BI 
623 13.4 Bl 
627 12.8 Bl 
637 11.6 Bl 
RT Her 
170627 
643 11.0 Ch 
648 10.8 Th 
650 10.5 Jo 
653 10.7 Jo 
655 10.9 Jo 
657 11.4 Jo 
659 11.7 Pt 
RW Sco 
1708 33 
619 10.9 En 
619 10.8 Bl 
627 10.5 En 
627 10.3 Bl 
637 9.8 Bl 
Z Oru 
171401 
648 9.3 Ah 
659 9.6 Pt 
RS Her 
171723 
10.9 Jo 
10.7 Jo 
10.3 Jo 
9.6 Jo 
10.9 Pt 
8.6 Jo 
8.3 Jo 
S Oct 
172486 
619 12.5 Bl 
622 12.8 Sl 
633 12.9 S| 
RU Oru 
172809 
659 10.6 Pt 
676 IAL 
RU Sco 
173543 
9.6 En 
8.7 Bl 
8.8 Bl 


657 
658 
659 
661 
668 
672 


650 
653 
655 
657 
659 
668 
672 


619 
620 
627 


J.D.Est.Obs. 
RU Sco 
173543 

627 9.6 En 

637 88 Bl 
SV Sco 
174135 

620[12.2 Bl 
W Pav 
174162 

622 13.5 SI 
RS Opu 
174406 

11.1 

JA 


659 


175458a 
660 10.8 B 
UY Dra 
175458b 
660 11.4B 
RY Her 
175519 
643 10.4 Ch 
656 11.0 Jo 
657 11.0 Ch 
659 11.4 Pt 
676 12.4L 
V Dra 
175654 
659 10.4 Pt 
675 113 L 
675 12.0 Md 
R Pav 
180363 
7.8 En 
8.2 En 
T Her 
180531 
9.8 Ah 
9.4 Ah 
9.4 Jo 
8.8 Jo 
8.7 Jo 
9.1 Ah 
9.0 Ch 
9.3 Pt 
8.5 Ah 
79 Jo 
676 8.3L 
678 8.1Me 
W Dra 
180565 
9.9 Pt 
10.0B 
10.7 L 
10.6 Md 
11.9 Md 


619 


627 


648 
650 
650 
653 
655 
657 
657 
659 
667 
676 


659 
660 
675 
675 
687 


J.D.Est.Obs. 


X Dra 
180666 
659 11.0 Pt 
660 11.8 B 
672 11.5 Br 
675 11.5 L 
TV Her 
181031 
676 I98L 
RY Opn 
181103 
622 13.7 Sl 
627 13.5 Sl 
646 12.5 SI 
659 12.4 Pt 
W Lyr 
181136 
657 12.3 Jo 
659 12.913 
659 12.6 Pt 
676 13.01. 
RV Scr 
182133 
620[ 13.6 Bl 
SV Her 
182224 
676 14.41. 
T SER 
182306 
658[12.1 Fe 
SV Dra 
183149 
676 14.1.L 
677 13.2 Hu 
RZ Her 
183225 
678 12.8 L 
X Opu 
183308 
649 
649 
650 
653 
654 8. 
657 35) 
658 &.5 J 
659 8.5 Pt 
661 8.4\ 
667 
668 
676 
676 
676 
RY Lyr 
184134 
654[12.2 Ch 
678 14.1L 
m Ser 
184205 
621 6.0SI 
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VARIABLE STAR OBSERVATIONS RECEIVED DuriING DeceMBer, 1931. 


J.D.Est.Obs. 
R Scr 
184205 

628 6.3 SI 

633 6.6 S] 

645 5.9Ch 

646 6.0 S] 

650 5.5Jo 

652 6.0Re 


653 5.5 Jo 
655 5.6 Ch 
656 5.5 Bc 
657 5.6 Jo 
658 5.6 Jo 
659 5.5 Pt 
661 5.3 Pt 
661 5.7 Mn 
661 5.5 Re 
662 63H 1 
666 5.2 Pt 
666 5.3 Re 
668 5.5 J 
669 5.2C 
669 5.2Pt 
670 53 To 
671 35.4Cy 
671 5.7 Wd 
671 5? P+ 
675 5.9 \ : 
676 5.1 Jo 
676 5.3 Cy 
676 358Mn 
676 5.2L 
677 5.1 Hu 
678 5.4Pt 
678 5.5 Me 
678 5.5Cy 
679 5.2Re 
681 5.4C\ 
683 5.1 C\ 
683 5.6 Pt 
685 5.3 R 
687 5.6 Pt 
688 5.7 Pt 
Nov Aol 
184300 


650 10.6 Jo 
653 10.7 Jo 
655 10.7 To 
655 10.8 Ch 
657 11.0 Jo 
658 11.0 lo 
659 11.6 Pt 
666 11.5 Pt 
678 11.5 Pt 
687 11.6 Pt 
RX Ly R 
185032 
654[12.5 Ch 
677[ 13.0 Hu 
690/12.5 Hu 


J.D.Est.Obs. 


R Lyr 
185243 
649 4.3 Si 
661 4.3 Si 
S CrA 
1854374 
615 11.6 En 
620 11.6 Bl 
621 11.9 SI 
624 12.1 Sl 
627 12.0 En 
628 12.3 S1 
633 12.0 S1 
647 12.1 S1 
Si SGr 
195512a 
657 9.2 Ch 
658 9.2 Fe 
676 10.2 L 
R CrA 
1855374 
615 12.6 En 
621 13.2 Sl 
624 13.3 Sl 
627 12.6 En 
628 13.3 Sl 
647 12.3 Sl 
T CrA 
185537b 
620 13.0 Bl 
621 13.0 SI 
624 12.9 Sl] 
628 12.8 S1 
647 12.7 SI 
Z Lyre 
185634 
654[12.3 Ch 
RT Lyr 
185737 
652] 14.0 GC 
654[12.5 Ch 
676 13.6 L 
V Aoi 
18 5005 
649 7.8 Mn 
661 7.8 Mn 
676 7.9Mn 
R AOL 
190108 
648 6.1 Ah 
648 6.5 Ch 
649 6.0We 
649 6.0 Mn 
650 6.3 Ah 
657 6.5 Ah 
657 6.6 Ch 
659 6.1 Pt 
661 6.3 Mn 
667 69B 
667 7.0Ah 


J.D.Est.Obs. 


R Ao. 
190108 
672 6.5 Jo 
676 7.3 Mn 
V Lyre 
190529a 
657[13.3 Ch 
677 12.9 Hu 
RX Ser 
190818 
615[12.4 En 
658] 11.8 Fe 
RW Scr 
190810a 
615 9.6 En 
627 9.2 En 
651 9.2GC 
654 8&8Ch 
658 9.0Fe 
659 8.6 Pt 
678 98 L 
BH Scr 
190810b 
651 13.2 GC 
TY Aor 
190907 
659 10.2 Pt 
S Lyr 
190925 
654[12.0 Ch 
678[14.4 L 
X Lyr 
190926 
659 9.0 Pt 
RS Lyr 
190933a 
654 11.6 Ch 
657 11.6 Ch 
659 12.3 Pt 
676 11.3 L 
RU Lyr 
190941 
056 14.6 Pt 
677[12.5 Hu 
U Dra 
190967 
655 12.1 Ch 
659 11.7 P 
676 12.6 L 
677 12.3 Hu 
W Aor 
191007 
654] 12.6 CI 
T Scr 
191017 
654 11.0 Ch 
659 10.7 Pt 
R Sar 
IQI0I0 
619 10.9 En 


No Ne 


J.D.Est.Obs. 


R Sar 
IQgIoIQ 
627 10.3 En 
651 9.0Mu 
654 9.4Ch 
659 93 Pt 
678 8.5L 
RY Sar 
19103? 
619 11.0 En 
620 11.1 Bl 
621 11.4 Sl 
623 10.9 Bl 
625 11.0 En 
627 11.0 Bl 
637 10.6 Bl 
643 11.0 En 
647 10.6 SI 

648 10.81 
655 11.0 Ch 
666 9.6 Pt 
TY Soar 
IQTI24 
620[ 12.4 BI 
S Scr 
191310a 
619 11.6 En 
620 11.3 Bl 
627 11.2B 
627 11.3 E 
637 11.3 B 
651 10.8 Mi 
654 11.2C 
659 10.6 Pt 
676 11.1 L 


619 9.5 En 
627 9.3 En 


678 11.3 L 


191331 
620 12.9 BI 
Exe. CG 
191350 
659 10.9 Pt 
U Lyr 
191637 
0 87Jo 
¢ 8.7 Jo 
655 8.7 Jo 
657 8.7 J 
59 86 Pt 
668 8.9 To 
672 8.7 Jo 
676 8.8 Jo 
AF Cyc 
192745 
648 66Ah 
649 6.6 Ah 


mous 


3 
ad 


1 


J.D.Est.Obs. 


AF Cyc 
192745 
650 6.6 Ah 
651 6.5 Ah 
656 6.5 Ah 
667 64Ah 
TY Cyc 
192928 
657[13.8 Ch 
678 14.0 L 
RT Aor 
193311 
651 11.8GC 
652 11.8GC 
656 12.0B 


657 11.3 Ch 
659 12.4 Pt 
678 12.7 L 
SV AaQL 
193411 
651 13.3 GC 
652 13.3 GC 
R Cyc 
193449 
648 8.0 Ah 
649 8.1 Ah 
649 7.2Si 
649 7.6We 
650 7.5 Jo 
650 7.8 Ah 
651 8.0Ah 
653 7.5Jo 
654 84Ch 
655 7.7 Jo 
656 8.0 Ah 
657 7.7 Jo 
658 7.8 ] 
659 8.2 Pt 
660 8.1B 
661 7.6 Si 
667 8.0 Ah 
668 8.0 To 
669 8.4Wd 
670 74Si 
671 8.5 Wd 
67 79 To 
676 8.7 Wd 


676 8.0To 
677 8.9 Me 
672 90Me 
681 8.8Wd 
RV Aor 
193509 
659 10.0 Pt 
661 9.6Ch 
677 96Hu 
678 9.7L 
Pav 
193072 
622 13.9 SI 


J.D.Est.Obs, 


T Pav 
193972 
623 13.7 Bl 
mi (YG 
194048 
644 10.8 Ch 
650 11.7 Jo 
651 10.7GC 
652 11.0GC 
653 11.5 Jo 
655 10.7 Jo 
657 10.0 Jo 
658 9.7 Jo 
659 10.6 Pt 
668 89Ch 
668 8.9 Jo 
669 9.0 Wd 
671 8.9 Wd 
672 8.5 Jo 
676 8.2 Jo 
676 84B 
676 8.6Wd 


194604 
648 10.0 Th 
650 10.2 Jo 
658 10.8 Ch 
659 10.7 Pt 
659 10.7 B 
678 12.3 L 


x Cyc 

194632 
629 6.1Jo 
633 5.5 Pt 
634 5.5 Jo 
635 5.5 Lv 
636 5.6 Lv 
637 55 Lv 
645 6.6 Ch 
646 6.1 We 


649 68Si 
650 . 6.4 Lv 
650 6.3 Ah 
650 5.9]Jo 
651 65Lv 
652 6.6Si 
652 65.Lv 
653 6.6 Si 
653 6.0Jo 
656 6.3 We 
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VARIABLE STAR OBSERVATIONS RECEIVED DURING 


J.D.Est.Obs. 


x Cyc 
194632 
656 6.2 Lv 
656 7.1 Ch 
657 6.1Jo 
657 68 Ah 
658 6.3 Jo 
659 6.5 Pt 
659 6.4Lv 
661 7.4Si 
666 7.5 Si 
667 7.2 Bg 
667) 7.3 Sh 
667 7.3 Ah 
667 7.5Si 
668 8.0 Lv 
668 7.0 Jo 
669 7.3Wd 
669 y Bg 
670 7.7 Si 
670 8.0Lv 
670 7.2B 
671 7.2Wd 
671 7.2Sh 
672 7.7 Lv 
673 7.3 Jo 
676 7.5 Jo 
676 7.9Wd 
676 7.5 Bg 
676 7.4Wd 
678 8.2Lv 
680 8.1 Mg 
681 8.0 Wd 
681 7.7 Bg 
682 7.8 Me 
688 8.0 Bg 
S Pav 
19406590 
622 69SI 
627 7.9 En 
RR Soar 
19.4929 


623[13.2 Bl 
627{13.2 En 
RU Sar 


RR Aor 
195202 
649 13.8 L 
659 13.2B 
RS AOL 
195308 
658 13.0 Ch 
658 12.5B 
676 12.9 L 


J.D.Est.Obs. 
Nov Cyc 
195553 
658[13.1 Ch 
678[12.2 Pt 
RR TE 
195656 
627 12.6 En 
~ Cre 
195849 
9.2 Ch 
654 9.4Ch 
659 9.3 Pt 
676 10.8B 
678 11.5 L 
S TEL 
1905855 
624 12.8 SI 
624 13.1 BI 
SY AOL 
200212 
9.5 Ch 
9.0 Pt 
9.5B 
96L 
S Cyc 
200357 
9.5 Ch 
9.9 Pt 
11.4 B 


644 


656 
659 
659 
678 


657 
659 
659 
659 
661 
676 
676 
676 8.9 Jo 
677 10.2 Hu 
690 10.7 Hu 
S Ao. 
200715a 
650 11.7 Jo 
655 11.5 Jo 


658 11.6 Ch 
659 943 
659 11.5 Pt 
667 10.1 Bg 
669 98 Beg 
676 9.5 Bg 
676 9.4 Jo 
677 10.0 Me 
681 9.5 Be 
RW Aoi 
2000715) 
650 9.4 Jo 
655 9.2 Jo 
659 9.2 Pt 
667 9.3 Be 
669 9.2 Bg 
675 9.1 Be 
676 OY Jo 


J.D.Est.Obs. 
R: Tet. 
200747 

624 12.5 Bl 

629 12.6 En 
RU Aor 
200812 

649 14.0 L 

658[ 13.0 Ch 
W Cap 
2008 22 

624 12.5 Bl 

‘A Aol 

200906 

9.3B 

659 9.5 Pt 

661 9.5 Ch 

676 10.3 Bg 
R Sce 
200916 

650 10.8 Jo 

655 10.4 Jo 

676 10.6 Jo 


659 


RS Cyc 
200938 
636 7.8Ch 
645 7.6Ch 
649 8.5 Si 
650 7.4 Jo 
653 7.4Jo 
654 7.8Ch 
655 7.3 Jo 
657 7.4Ch 
658 7.3Jo 
658 8.0GD 
659 7.8Cy 
659 7.2 Pt 
661 re Si 
663 7.4 Cy 
664 7.8Ch 
667 7.6Si 
668 7.3 Jo 
669 7.6Cy 
669 8.0 Wd 
669 7.8 Ch 
670 7.6 Si 
671 7.8Wd 
671 7.8Sh 
673 72 Jo 
676 8.1Wd 
676 7.2Jo 
676 7.8 Cy 
678 8.0GD 
676 7.5L 
678 7.5 Me 
681 7.6 Cy 
R De! 
201008 
648 9.2 Th 
648 8.9 Ah 


J.D.Est.Obs. 


R DEL 
201008 
650 9.0 Ah 
657 9.0 Ah 
659 8&8&Th 
659 9.0 Pt 
660 9.0B 
678 9.3 Sf 
678 IAL 
680 9.5 Mg 
683 9.5Sf 
RT Cap 
2O0TT2ZT 
659 6.3 Pt 
SX Cyc 
201130 


657[13.1 Ch 
663 11.4 Cy 
676[12.7 Cy 
RT Ser 
201139 
624 12.4 Bl 
629 12.4 En 
WX Cyc 
201437b 
650 11.9 Jo 
653 11.9 Jo 
655 12.3 Jo 
658 12.5 Jo 
659 11.7 Pt 
659 12.0 Cy 
668[12.5 Jo 
673 oy 2 _ 


V SGE 
201520 
658 7.9Ch 
l ‘€xe 
201647 
648 8&8 Mn 
650 9.4 Mu 
650 7.8 Jo 
651 9.3 Mu 
653 38 Jo 
655 7.7 Jo 
655 8.7 Mn 
656 78B 
658 7.7 Jo 
658 8.2GD 
659 7.7 Pt 
663 8.6 \In 
668 7.8 Jo 
669 79 W d 
669 9.2 Mu 
671 7.7 Jo 
671 8.1Wd 


L) €ye 
201647 
7.8GD 
8.1 Md 
8.5 Mn 
7.4 Yo 
8.4Wd 
9.2 Sf 
8.8 Mc 
8.3 Wd 
8.2 Md 
78B 
U Mic 
202240 
627 [13.0 Bl 
RU Cap 
202622 
6§29[12.0 En 
Z DEL 
202817 
661[12.9 Ch 
677 12.7 Hu 
ST Cyre 
202954 
651 13.4GC 
652 13.8GC 
659 13.6 Pt 
659 13.5 B 
678 14.2 L 
V Vuu 
203226 
659 8.7 Pt 
R Mic 
203429 
624 13.5 Bl 
629 12.2 En 
Y Det 
203611 
653 13.8B 
659 13.7 B 
678 13.5 L 


673 
673 
674 
676 
676 
678 
678 
681 
681 
683 


S Det 

203816 
652 9.5 Sz 
659 10.0 Pt 
660 ISB 
661 9.2 Ch 
662 98 Hu 
671 10.3 Hu 
674 10.0 Md 


680 10.2 Mg 
682 10.2 Hu 
690 10.1 Hu 
V Cre 
203847 
10.5 Mn 
10.1 Mn 
9.7 Ch 
8.9 Pt 


648 
655 
658 
659 


DECEMBER, 
J.D.Est.Obs. 


1931. 
J.D.Est.Obs. 
V Cyc 


663 
665 
667 
671 
674 
677 
678 
678 
690 


203847 


9.8 Mn 
9.0B 
9.7 Mn 
10.2 Hu 
9.8 Mn 
9.9 Hu 
8.8L 
10.0 Sf 
9.9 Hu 


Y Aor 


650 
652 
654 
655 
656 
656 
658 
659 
661 
668 
679 
683 


657 
659 
665 
678 
678 
683 


203905 


9.7 Jo 
9.5 Jo 
10.1 GC 
9.4 Jo 
9.8 GC 
9.4 Jo 
9.3 Jo 
9.8 Pt 
9.5 Ch 
9.3 J oO 
9.8 3B 
9.8 Bl 


T De 
204016 


11.6 Ch 
13.0 Pt 
12.1B 
10.3 Cy 
10.2 L 
9.8B 


V Aor 


659 
674 
678 
679 


W 


20410} 


204102 


8.0 Pt 
8.8 Md 
aL. 
87 B 
Aor 


636[13.4 GC 


676 
683 


13.3 L 
[12.4 Cy 


U Car 


204215 


we 5g 9 


653 
659 
661 


Det 
pio 
[13.8 B 
[13.7 B 
13.3 Ch 


680[13.1 Mg 


645 
649 
650 


652 


T Aor 

204405 
9.2 Ch 
9.1 Mn 
8.6 Jo 
8.7 Jo 











Seemed 


VARIABLE STAR OBSERVATIONS RECEIVED DURING 
J.D.Est.Obs. 


T Aor 

204405 
655 8.9 Jo 
657 9.0 Jo 
658 9.5 Jo 
659 11.1 B 
659 9.6 Pt 


661 9.9 Ch 
661 10.1 Mn 
668 10.4 Jo 
676 10.8 Mn 
678 11.0 Me 
RZ Cyc 
204846 
659 13.6B 
659 13.3 Pt 
677 12.8 Hu 
S Inp 
204954 
8.9 SI 
627 9.4Bl 
629 96En 
637 99 Bl 
X Det 
205017 
11.0B 
10.5 Pt 
10.8 Ch 


622 


621 9.4Sl 
633 10.0 SI 
R Vu 
205923a 
648 10.8 Ah 
650 11.6 Jo 
650 11.0 Ah 
655 12. 
656 113B 


658 120Ch 
659 11.6 Pt 
683 12.3 B 
V Cap 
2TOT24 
624 9.7 BI 
627 10.2 BI 
630 10.4 En 
638 10.9 BI 
676 12.3 L 


J.D.Est.Obs. 
TW Cyc 
210129 


654[13.0 GC 


657[13.5 Ch 
660[13.8 B 
X Cap 
210221 
624[12.7 Bl 
X CeEp 
210382 
654 11.7 Ch 
RS Aor 
210504 
654 13.3GC 
656 13.2B 
678 12.3 L 
Z Cap 
210516 
654[13.4 GC 
659 13.2 Pt 
676 13.2L 


R Eou 
210812 
659 14.3 Pt 
T Cep 
210868 
645 7.8Ch 
648 8.0Th 
648 8.4Mn 
648 83 Ah 
649 80 Ah 
650 7.9 Th 
650 7.4Jo 
650 8.1 Ah 
651 8.1Ah 
655 7.2Jo 
656 7.7 Ah 
657 8.0 Ah 


658 7.1 Jo 
659 7.7 Pt 
659 8.2Mn 


661 7.8 Th 
663 8.0Mn 
664 6.9 Ch 
667 69Sh 
669 7.0 Wd 
669 69Sh 
671 6.9Wd 
671 6.7 Sh 
673 6.8To 
676 6.7 Jo 
676 7.0 Wd 
676 6.8 Sh 
681 7.1 Wd 
O81 6.9 Sh 
682 69 Me 
690 6.5 Hu 


J.D.Est.Obs. 
RR Aor 
210003 

649 13.0L 

B 


211614 
649 13.6L 
659 13.6 Pt 
677[13.4 Hu 
690/12.4 Hu 
T Cap 
211615 

9.6 Bl 
627 9.9BI 
638 10.0 B 1 
659 11.5 
664 1 
676 2 


624 


15Ch 
226. 
pleas 

212 
627 128 
628 11.5 
638 11. 


4, 
A 


668 
677 


65 .L 
6.5 L 
S Cep 
213678 
648 9.6 Th 
651 94GC 
652 96GC 
653 95B 
654 9.6Ch 
659 8&8 Pt 
661 9.6 Th 
673 96 Md 
678 96Hu 
682 9.7 Hu 
687 10.2 Md 
RU Cyc 
213753 
94 Ry 
9.3 Ah 
9.2 Ah 
9.1 Ry 
9.0 Ah 
8.9 Ry 
8.7 Pt 


647 
648 
650 
653 
656 
658 
659 


DECEMBER, 
J.D.Est.Obs. J.D.Est.Obs. 
RU Cy RZ Perc 
21 3753 220133b 
663 88Ry 659 11.9 Pt 
677 8.1Me 678 12.5 Hu 
692 7.2Bw 682 124Hu 
RV Cyc Y PEc 
213937 220613 
635 7.6Lv 654 11.1GC 
636 7.2 Lv 659 12.6 Pt 
650 7.0Lv 675 98Md 
651 7.0Lv 679 99B 
656 7.2Lv 680 10.1 Me 
659 6.7 Ly RS Pre 
659 6.6 Pt 220714 
668 7.0Lv 654 11.0GC 
5Lv 659 11.2 Pt 


677 6.6 Lv 

678 66Lv 
RR Perc 
214024 


654[13.0GC 
658[13.0 Ch 
659 13.6 B 

662[13.0 GC 
680 13.5 Mg 


R Grt 
214247 
627 12.0 En 
628 12.0 Bl 
629 11.6 En 
638 11.4 Bl 
643 11.0 En 
V PrEc 
215605 
654 8.5GC 
658 8.4 Ch 
659 8.2 Pt 
670 8.6 B 
674 8.9 Md 
U PsA 
15628 
630712.2 En 
U Aor 
15717 


659 12.2 Pt 
664 11.7 Ch 
676 12.11 
S Fs 
>7 58 08 
630 99 En 
RT Pre 
215934 
648 10.3 Th 
674 10.9 Md 
RY Perc 
220133a 
678 12.0 Hu 
682 12.0 Hu 


of Variable Star Observers 


675 11.7 Md 
679 11.6B 
680 12.1 Meg 


R PsA 
21230 
130] 1 yrs n 
X Ao 
77 2727 
630 124 En 
‘| GRI 
7 228 
630 9.2En 
645 9.2En 
» Gil 
21048 
625 10.0 En 


630 10.3 En 
645 11.1 En 
RV Perc 
222129 
658] 13.3 Ch 
679[13.7 B 
690/12.8 Hu 
S Lac 
222439 
659 11.9 Pt 
680 13.0 Me 


83 | 
R Lac 
223841 
659 14.6 Pt 
663[12.4 Hu 
679 13.4 Hu 

5H 


690112) 


107 


1931. 
J.D.Est.Obs. 
S Aor 


225120 
679 88B 
RW Perc 
225914 
649 12.9L 
652 12.5 Sz 
659 13.2 Pt 
662 12.1 Ch 
679 106R 
691 9.7 Ma 
R PEG 
230110 
10.5 Ah 
10.4 Ah 
10.2 Pt 
662 10.3 Ch 
678 10.5 Sf 
688 10.2 Beg 
690 10.6 Sf 
V Cas 
230759 
659 10.4 Cy 
659 10.6 Pt 


648 
650 
659 


667 97R 
676 93 Cy 
678 8.8 Me 
679 9.0Sf 
690 8.6Sf 
W PEc 
231425 
679 11.6 Hu 
681 12.4 Bw 


690 12.0 Hu 
690 12.1 Me 


692 12.1 Bw 


S Perc 
231508 
648 11.0 Th 
656 11.3 Jo 
659 11.7 Pt 
690 9.4Me 
RY Cep 
231878 
655 11.0 Ch 
V PHE 

927 46 

645 104 En 
Z AND 
659 10.7 Pt 
663 10.6 Hu 
671 10.5 Hu 
673 10.7 Hu 
677 10.8 Hu 
678 10.6 Cy 
681 11.1 Md 
681 10.9 Bw 
683 10.6 Hu 
690 10.7 Hu 
692 10.9 Bw 
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VARIABLE STAR OBSERVATIONS RECEIVED DurING DecemBer, 1931. 


J.D.Est.Obs. J.D.Est.Obs. J.D.Est.Obs. 
ST ANnpb R Aor R Aor 
233335 233815 233815 
650 11.0Th 624 84Bl 659 9.0Pt 
657 10.0Jo 628 85Bl 660 9.0Mn 
659 10.8 Pt 638 84Bl 676 8&8Jo 
665 106Bo 645 88Ch 677 85Me 
677 10.5Bo 649 9.0Mn - CAS 
678 10.4Bo 649 9.0L 233956 
681 10.5Bo 650 87Jo 678[13.1 Cy 
683 10.8Cy 653 87Jo 680[14.2 Mg 
690 10.2Me 658 8&7Jo 691[13.1 Bw 
RAPIDLY VARYING I 
Star J.D. Est.Obs. J.D. Est.Obs. 
005840 RX ANDROMEDAE 


6647.3 12.0 Ry 
6648.3 11.7 Ry 
6649.5 10.9 Ry 
6653.3 12.2 Ry 
6654.3 12.9 Ry 
6656.6[12.5 Ry 
6657.2 12.9 Ry 
6658.5 13.3 Ry 
6659.6 13.1 Pt 
6661.7 13.1 Pt 


6662.7 12.0 Pt 
6663.5 11.1 Ry 
6672.6 13.6 Br 
6673.6 14.1 Br 
6674.6 13.5 Br 
6678.7 11.3 
6682. 
6683.6 1 


J.D.Est.Obs. J.D.Est.Obs. J.D.Est.Obs. 
RR Cas R Tuc W Cer 
235053 235205 235715 
655 119B 624 13.2S1 648 98Th 
683 116Bn 647 13.7S1 649 9.6Mn 
693 11.3 Bn R Cas 660 10.1 Mn 
R Pue 235350 SV Anp 
235150 649 10.4 Mn 235939 
624 10.1 Sl 659 10.5Mn 659 12.6 Pt 
645[11.3 En Z PEG 681 11.6 Bw 
V Cer 235525 691 11.4 Bw 
235209 659 12.5 Pt 
624 12.8 Bl 


690 13.8 Mg 


RREGULAR VARIABLES. 


Star J.D. Est.Obs. 
081473 Z CAMELOPARDALI 
6677.7 12.0 Hu 
6678.5 11.5 Me 

6678.7 11.1 Pt 
6679.5 11.6 Me 
6679.7 11.5 Hu 
6682.8 11.7 Pt 
094512 X Lronis— 
6682.8 12.5 Pt 


6687.6 


060547 SS AuRIGAE— 


6656.4[ 13.9 L 
6657.2[13.0 Ch 
6659.6[12.6 Pt 
6661.3[13.9 L 
6662.2[13.0 Ch 
6667.8[12.5 Pt 
6668.3[12.5 L 
6669.7 12.4 Cy 
6675.7[13.0 L 
6677.6 10.8 Me 
6677.7 10.8 L 
6678.3 10.8 L 
074922 U GEMINOR 
6624.3[13.3 Sl 
6637.3 9.0 SI 
6638.3 9.0SI1 
6649.7 12.1 L 
6656.7 14.0 L 
6659.7[12.4 Cy 
6661.7[13.3 Pt 
6667. 8111.8 Pt 
081473 Z CAMELOP 
6648.2 13.0 


6678.6 
6678.6 
6678.7 
6679.7 
6680.7 
6680.7 
6681.6 
6682.8 
6683.6 
6683.6 


3 Pt 
3.2 Pt 
3.2 Pt 
12.2 Pt 


11.1 Me 
10.8 Cy 
11.0 Pt 

11.0 Fe 
10.80 

10.7 Sa 
10.9 Cy 
11.0 Pt 
11.1 Pt 
10.9 Cy 


6687.6[12.6 Pt 
6692.7 13.9 Bw 
UM- 
6668.5[12.3 
6668.7 1 
6677.6[1 
6678.711 
6678.7[13.3 Cy 
6680.7[11.2 Sa 
6682.8[12.4 Pt 
6687.6[12.4 Pt 
ARDALIS— 
6664.3 1 
6666.6 1 
6668.3 1 
6669. 8 1 


23°C 
3.8L 
SAL, 
2.4P 


1.5 Ch 
1.1 Pt 
B® 
1.0 Pt 
1.5 Hu 
1.9L 
ZA L 

1.6 Me 

6677.7 IZ L 


202946 SZ Cyveni— 


6659.6 
6661.7 
6662.7 
6666.6 
6669.8 


8.9 Pt 
9.3 Pt 
9.3 Pt 
95: Pt 
9.2 Pt 


213843 SS Cyeni— 


6636.2 
6648.2 
6648.3 
6648.6 
6649.3 
6649.5 
6650.4 
6650.6 
6650.6 
6650.6 
6651.5 
6651.5 
6651.5 
6651.6 
6652.5 
6652.5 
6652.6 
6653.6 
6653.6 
6654.2 
6655.6 
6655.7 
6656.5 
6656.6 
6656.6 
6656.6 
6656.6 


12.0 Ch 
1131. 

11.8 Ah 
11.8 Jo 
WIL 

11.8 Ah 
11.9 Ah 
11.8 Be 
12.0 Lv 
11.7 Jo 
12.0 Lv 
11.8 Ah 
11.5GC 
11.7 Jo 
12.0 Lv 
117 GC 
11.8 Jo 
12.0 Jo 
11.5B 

11.8 Ch 
11.5B 

12.0 Jo 
12.0 Ah 
11.5 Lv 
11.3 Cy 
11.8 Jo 
11.8 Be 


J.D. Est.Obs. 
6683.6 
6683.7 
6687.6 
6687.8 
6690.7 


12.1 Pt 
12.5 Hu 
12.6 Pt 
12.9 Hu 
13.1 Hu 


6671.5 
6678.5 
6682.8 
6683.6 
6687.6 


6656.6 
6657.3 
6657.6 
6657.7 
6658.2 11.3 Ch 


6659.5 
6659.6 
6659.6 
6661.7 
6661.7 
6662.7 
6663.6 
6664.6 
6666.6 
6666.6 
6667.6 
6668.1 
6668.3 
6668.6 
6668.6 
6669.5 
6669.5 
6669.6 
6669.6 
6669.6 
6669.8 


6658.7 11.7 Jo 
11.5 Lv 
11.3 Cy 
11.4 Pt 
11.6 Pt 
11.4 Me 
11.6 Pt 
11.6 Cy 
1.1 Cy 
10.5 B 

9.6 Pt 
10.0 B 


© 
So 
a 


O19 1910 10 90191910 5 
NNCOCAOWUN 








» Pt 
Bw 
| Bw 


Obs. 


Pt 
Hu 
Pt 
Hu 
Hu 


rt 
Pt 
Pt 
Pt 
Pt 


Bf 
Ah 


Se 
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213843 SS CyrGni— 213843 SS Cyen! 


6670.5 9.1 Wa 6674.6 9.2 Br 6678.5 10.2 Me 6682.5 11.3 Me 
6670.6 9.0 Ae 6674.7. 9.3 Md 6678.5 10.4 Sf 6682.7 11.9 Hu 
6670.6 8.5 Lv 6675.6 9.6Jo 6678.5 10.4 Pt 6682.8 11.6 Pt 
6670.6 9.0B 6676.5 98B 6678.6 10.6 Cy 6683.5 11.5 Cy 
6670.6 8.7 Jo 6676.5 9.5 Cy 6678.6 11.0 Wa 6683.5 11.8 Sf 
6670.7 8.8 Cy 6676.5 9.7 Wa 6678.7 11.0GD 6683.6 11.7 Ae 
6671.5 8&7Cy 6676.5 9.8 Wd 6678.6 10.9 Ma 6683.6: 11.7 Pt 
6671.5 8.9 Pt 6676.5 99Bg 6679.5 10.6 Me 6683.6 11.6 B 
6671.6 8.7 Jo 6676.6 98Jo 6679.6 11.1 Sf 6683.7 11.7 Hu 
6671.6 8.7 Wd 6676.6 9.7 Ae 6679.6 11.9B 6687.7 11.9 Md 
6671.6 8.6Ma 6676.7. 9.9 We 6680.5 11.5 Ae 6687.6 11.4 Pt 
6671.7 89Hu 6677.3 10.4 L 6680.5 11.5 Mg 6688.6 11.7 Bg 
6672.4 8.6 Lv 6677.5 10.1 Lv 6681.5 11.8 Sf 6690.5 11.8 Sf 
6672.6 9.0 Jo 6677.6 10.2 Ae 6681.5 11.6 Wd 6690.6 12.0 Mg 
6672.6 88Br 6677.7 10.3 Hu 6681.6 11.7 Md 6690.7 11.9 Hu 
6673.6 9.1B 6677.8 10.0 Me 6681.6 11.3 Cy 6691.6 11.9 Ma 
6673.6 9.0 Br 6678.3 10.5 L 6681.6 11.7 Be 6691.7 11.5 Me 
6673.7. 9.0 Md 6678.5 10.1 Lv 6681.7 11.7 Ae 


SUMMARY OF OBSERVATIONS FOR DECEMBER, 1931. 





Observa- Observa- 

Observer Initial Vars. tions Observer Initial Vars. ions 
Ahnert Ah 38 129 MacQueen Mu 3 5 
Allen, L. B. Ae 1 6 Marsh Ma 21 23 
Allen, P. R Al 2 2 McLeod Mc 13 21 
Baldwin Bl 89 150 Meek Me 26 43 
Bigelow Bw 15 24 Mennella Mn 25 59 
Joutell Bo 9 34 Millard Md 17 23 
Bouton B 66 88 Monnig Meg 12 12 
Brocchi Br 13 18 Olcott O 4 4 
grown, A. N. Bn 3 5 Peltier Pt 204 280 
Buckstaff, E. Bf 1 1 Popkavich Pk 2 2 
Buckstaff,R.N. Be 2 a Recinsky Re 2 9 
Bunting Bg 10 22 deRoy Ry 7 23 
Campbell & r 2 Shinkfield Sl 40 90 
Chandra Ch 137 160 Shultz Sz 5 5 
Cilley Cy 17 53 Simpson Si 9 27 
Ensor En 75 106 Smith, F.W. Sf 18 36 
Ferris Fe 5 5 Smith, L. Sh 4 10 
Georgetown GC 20 28 Stark Sa 3 4 
Godfrey Club GD 2 5 Thiel Th 14 23 
Houston Hu 42 110 Watson Wa 3 8 
Jones Jo 85 365 Webb Wd 16 39 
Lacchini Ls 129 174 Wetherbe« We 4 7 
Levy Lv 4 39 - —- — 

Totals 45 412 2282 
M. J. Levy. Mr. Olcott includes with his own report a few observations by Mr. 


Stark of Tucson, Arizona, and Mr. Monnig sends in a very commendable list by 
Mr. V. Recinsky of Rowena, Texas. 

Again we are indebted to Mr. Skaggs of Oakland, California, for copies of 
Julian Day Calendars for 1932. 
copies, are requested to inform the Recorder at once. 


Members who have not already received their 


RY Sagittarii, 191033, has reached 9th magnitude; the brightest since April, 
1930. 
especially on the rise to maximum. 


In the meantime this variable has been subject to marked fluctuations, 
The minimum of S Apodis, 145971, another 
of the R Coronae Borealis type variables, proved to be quite shallow, dropping 
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only a magnitude and a half below normal. R Coronae itself, although still at 
full brightness, magnitude 6.0, requires careful attention in order that any decrease 
in light may not be missed. 


LEON CAMPBELL, Recorder. 
January 13, 1932. 





Fireball.—I wish to report quite a brilliant fireball which I saw over this 
village last night at 10:17 p.m., E.S.T. 

My wife and I were out for a walk during the evening and while returning 
were remarking about the brilliancy of the stars in the region of Orion and Canis 
Major, farther to the west the stars were pretty well blotted out by the brilliancy 
of the moon which was at the quarter. While looking at Sirius, I caught an 
extra flash in the corner of my eye and turned to see the fireball coming almost 
exactly toward us. It was high and near the constellation of Triangulum when we 
first saw it and it came forward to a point near the star Algol where it burst 
and disappeared. The meteor was a brilliant red in color and probably one-fourth 
the size of the moon that then was shining. The duration of the fall which we 
saw was not over five seconds. The ball dimmed rapidly during that time and 
was about cherry red when it burst. There was a tail which lasted probably not 
more than the last two seconds. The appearance of the bursting ball was similar 
to that of a large rocket. ee 

R. E. FRANKLIN. 
128 Liberty Ave., Port Jefferson, New York, January 16, 1932. 





Comet Notes 
By G. VAN BIESBROECK 


There are at present no known comets visible in ordinary instruments. Some 
expected periodic ones must also be quite faint. Amateur astronomers should not 
be discouraged by these circumstances. On the contrary, this ought to stimulate 
the search for new ones, because some of these wandering visitors have a way of 
turning up when least expected. 

The most unusually mild winter at Williams Bay has caused so much cloudi- 
ness that there has been only one clear moonless night since last month. On that 
night (January 4) Prriopic Comet SCHWASSMANN-WACHMANN could not be 
found on the plates centered on its position and showing stars down to the 16th 
magnitude. On that same night the faint trace of Periopic Comet NEUJMIN was 
recognized among the stars at the limit of visibility on the plate: it was not 
brighter than 17™.5 at that time and there is hardly any chance for further ob- 
servations, 

The weather has not permitted any re-observation of Comer NaAGATI in the 
morning sky. Although its brightness is evidently much reduced, the gradual im- 
provement of the conditions of visibility may make up for it, so that the search 
should be continued. 

There is still a chance to recover three periodic comets which are located at 
present in the evening sky: ScHorr’s Comer which in 1918 was found to have a 
period of 7 years but was not seen in 1925; Wo tr’s Seconp Periopic Comet, of 
which this is the first return; and Pertopic Comet TemMpeL (3)-Swirt. The first 
ones are probably both extremely faint but the third one should be in reach by 
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now; although the comet has been observed at three returns since it was first 
discovered in 1869 it has not been seen since 1908 because of its unfavorable posi- 
tion. At perihelion, when intrinsically brightest, it is almost behind the sun. It 


cannot be observed except several months before or after that point, when it is 
much less bright. To make things worse the period is so near six years that the 
same unfavorable circumstances repeat themselves for several successive returns. 

In Circular 107 of the British Astronomical Association, A. C. D. Crommelin 


gives the orbit brought up to this time, from which he deduces the following 





i search ephemeris 
Perihelion April 1.0 Perihelion April 7.0 
1932 hom s ’ h m s , 
Jan. 26 22 19 6 3 18 22 11 24 3 58 
Feb. l 22 35 5/7 1 53 22 27 48 2 36 
7 22 53 10 0 25 22 44 44 1 8 
: 13 23 10 47 +1 8 as 2 5 +0 23 


rhe positions are given for two assumptions differing by six days in the time 
of perihelion passage, which is the most uncertain element of the prediction. For 
our latitude the comet sets about 3 hours after the sun at the end of January but 
only two hours by the middle of February. 

Williams Bay, Wisconsin, January 25, 1932. 


Notes from Amateurs 


Bonnevue Observatory 
The pictures herewith relate to an amateur astronomer’s accomplishment in 
building an observatory. 


\ small shop occupies the first floor of the building, while the second floor is 
given over to a small assembly room which will seat about twenty persons. This 
room will also become more or less “hobby headquarters.” The main point of 
interest is the turret-house supported on “I” beams, which in turn rest on the 


masonry walls of the building. The roof remaining is flat, with parapet walls. 


making an ideal place from which to scan the heavens and for the use of portabl 
telescope. The turret-house is approximately eight feet square affording standing 
room for several persons. 

The telescope at present mounted carries a lens of five inches aperture, but 


this will later be replaced with a larger one. The turret is also arranged so that 


a second telescope can be mounted on the opposite side. 
\s will be apparent this type of mounting allows the telescope to sweep the 


entire heavens above the horizon, yet the observer may be comfortable within an 


enclosed and heated room in cold weather. Another strong appeal for this type 
of telescope is the comfortable position of the eyepiece, except in the extrenx 
east, the telescope being mounted on the west side Even when looking to the 


east the position of the eyepiece compares favorably with that of an average posi 
tion for a pier-mounted refracting telescope. 

rhe large rings are wood except the base of the revolving ring which is steel. 
a cross section of which would be approximately six inches by one-half inch. Th 
base ring, which is securely framed into the building, is made of four layers of 
three-quarters of an inch material, with oak for the outside layers and white pin 
inside. The revolving ring forming the base of the turret has five layers again 
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using oak for the outside. This wood ring is securely bolted to the steel ring 
which is machined true. While the inside diameter of the wood rings is four and 
one-half feet, that of the steel ring is one and one-half inches less, thus protrud- 
ing inside the wood ring three-quarters of an inch to form the track for the bear- 
ings. The bearings are grooved wheels about two inches in diameter, a roller 
thrust bearing at the bottom and ball bearing at the top. Six of these grooved 
wheels, four at the top and one at either side, carry the turret, and are adjustable 
for accurate setting for true north. 














The driving mechanism consists of a gear of 1508, 24 pitch teeth on the outer 
circumference of the steel ring. A twenty-one tooth pinion meshes in this large 
gear. The shaft carrying the pinion revolves three times an hour when following 
a star. A synchronous motor of 1800 RPM, followed by a gear reducer 400 to 1, 
operates a worm with ninety teeth attached to the pinion shaft. The motor of 
course operates on standard time but the large gear compensates for the difference 
and turret will operate on sidereal time with slight error. 

The bearing carrying the declination axis is very substantial. It was found 
that a four-inch condulet used in electric conduit work was quite ideal for the 
elbow of the telescope and to house the prism. Considerable deviation from usual 
practice in the matter of the right ascension circle has been made. As noted in 
the picture it is located in the center of the turret, revolving with it. A pendulum 
target, carrying lamp for illumination and magnifying lens is mounted on ball 
bearings, shows the position of turret with precision. This circle is sixteen inches 
in diameter and graduated to minutes, only half however being graduated. This 
right ascension circle is numbered east and west with “0” representing the meridi- 
an. With the use of the sidereal clock the number of hours and minutes east or 
west of the meridian the object may be located is determined and the turret set 
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accordingly. 

For the general idea of the turret refracting telescope, the owner is indebted 
to Governor James Hartness of Springfield, Vermont, who has the first and as it 
seems until now the only telescope in the world of this type. It will be noted 
that in this form of telescope a finder is impossible or at least difficult to arrange, 

- 


so Ul 


it all objects are located by the use of circles. This may or may not be an 





objection depending on individual preference, but as many objects within reach of 
such a telescope are not visible to the eye, it is perhaps as well to use the circles 
for all. 














It must be borne in mind that this is an amateur job, built locally. It is 
worthy of consideration by any amateur interested in a pe rmanently mounted tele- 
scope, particularly in cold climates. The turret is also very practical for reflecting 
telescopes of moderate size. 

J. Miro Wesster. 

Wyomissing (near Reading), Pennsylvania, October 26, 1931. 


Direct and Retrograde Motions IIlustrated.—As is well known. the appar- 
ent motions of the outer planets throughout the sky are characterized by periods of 
forward and backward directions which some pupils find difficult to understand. 
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In order to make these apparent motions thoroughly intelligible I used a device 
which I think may be useful to teachers. 

I took a discarded alarm clock, removed the glass and reduced the length 
of its minute hand to about one-fifth of that of the hour hand. In this condition, 
when both hands moved normally, the tip of the minute hand made twelve revolu- 
tions while the hour hand made one. If the axle of the clock represents the sun, 
then the tips of the minute hand and the hour hand respectively represent the earth 
and Jupiter. 

In order now to understand the apparent motion of Jupiter as seen from the 
earth. I fastened a rubber band to the tips of both hands. The rubber band repre- 
sented the distance from the earth to Jupiter. Laying the clock flat on a table in 
the center of a room, we have, as it were, a part of a solar system at the center 
of the celestial sphere represented by the room. Let those objects in the room and 
on the walls situated more or less in the same plane as that of the face of the 
clock (ecliptic) represent the zodiacal constellations. 

lf we place the clock with the figure XII pointing south and the two hands 
pointing in that direction also we have the earth between the sun and Jupiter and 
therefore the latter is supposed to be crossing the meridian at midnight. The rubber 
band points directly southward. 

Making the hands of the clock move counter-clockwise, the swifter motion of 
the carth causes the rubber bands to point more and more towards the west. If 
we translate this fact into Jupiter’s apparent motion, we say that from that mo- 
ment on, night after night, we shall see Jupiter moving toward the west among 
the zodiacal constellations. 

When the minute hand has thus run the length of 14 minutes (which is the 
equivalent of about 50 days in the earth’s motion) we see the rubber band reach 
the extreme western deviation at which moment Jupiter will be seen “stationary.” 
From that moment on the rubber band begins to shift towards its initial direction. 
Jupiter is now moving eastward among the constellations. But from this time on, 
Jupiter will be more and more lost from view among the sun’s rays. If we could 
see it when the two hands of the clock are in the same line (conjunction) Jupiter 
and the sun would be crossing the meridian at midday. 

When the minute hand has made a total run of about 51 minutes, Jupiter, the 
sun, and the earth are forming again a right triangle. Jupiter is again stationary 
previous to its movings towards the west. The sun is more and more at the back 
of the earth and Jupiter is again seen at night. 

We are nearing more and more the starting position of sun-earth-Jupiter, but 
before it is reached, the earth has to complete a whole circuit plus 1/12 of it. 
Jupiter has described 1/12 of its orbit toward the east, and we shall see it cross 
the meridian at midnight one month later than the year before. 

Ernesto NELSON. 
Supervisor of Secondary Education, Argentine Republic. 
R. Mejia, July 11, 1931. 





Definition 
This astronomical term has a double application; the first having relation to 
the telescope objective, the second, and more elusive, to the state of the atmosphere 
at the observing station. For the purpose of this article no notice will be taken 
of the first, as, being a function of the objective, it allows no great variation so 
that, for the amateur, it presents no great field for investigation. 
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fhe second, an atmospheric definition, can, however, be easily studied by the 
amateur with quite moderate instrumental equipment. 

Theoretically, there is no limit to instrumental definition; that is to say, we 
can continue increasing the apertures and focal lengths of our telescopes, and, by 
the use of suitable eyepieces, secure magnifications of many thousands; but here 
the atmosphere intervenes completely nullifying the opticians’ art. True it is that 


the astronomer can, by carefully choosing an elevated mountain peak in a good 
area, somewhat rectify matters. But mountain tops are not always available or 


accessible, and, even there, atmospheric troubles are met with 

The cause of these troubles is that we live at the bottom of an aerial ocean, 
which is, comparatively speaking, rather shallow, susceptible to changes in temper- 
] 
i 


ature, and therefore showing many degrees of density within a small area. Physi- 


ologically, we have every reason to be glad that air is such a poor conductor of 
heat, for on a hot summer’s day asphalt, concrete, and iron surfaces absorb a 
great deal of heat, and hence may indicate temperatures ranging from about 100 


to 200°. The air above them cannot absorb so much heat, but becomes warm by 
innumerable convection currents ascending through the whole, in exactly the same 
manner as the water in a kettle becomes warm through absorbing the heat from 
the bottom of the container, which is heated by a flame. The air, unlike the water 
in the kettle, is not confined, and, being free to move over a large area, it therefore 
takes a very long time to heat up. The changing densities due to this motion ari 
therefore the cause of the varying definition. 


When an object is in the zenith the effect is not as noticeable as when the 





le is slight; moreover, it is sometimes better on different sides of the zenith: 
for instance, an observer may be looking at an object over heated air arising from 


a city, and, on turning his telescope to another object over an extensive sheet of 


water, get an entirely different effect. It is a fact not generally known, that a 
When the 
conditions are right, on a hot summer afternoon, this phenomenon may be felt on 


sheet of moderately still water reflects a considerable amount of he: 





the west side of Princes Bridge over the river Yarra at Melbourne: the writer 


has done so frequently. The effects here described are more or less local, and a 


few hours after sunset, they may become negligible. In a fixed observatory these 


conditions are frequently met with, so that a memo appended to an observer's 
work for the night frequently reads: “Definition poor at beginning but improving 


towards the end of the program.” These conditions may be described as normal. 


Suppose now the object to be a star; if the air is quite tranquil or homogent 
ous throug] 


iout, the observer sees in his field of view a dise of light surrounded 


by one or more rings of light, the disc appears to roll along without tremors of 
any kind, allowing micrometer setting to be made with ease; to such an observa 


tion the observer would append a weight « 


f 10, the full weight; this has only 
happened a few times to the writer’s knowledge; the more normal condition is 
for the star to present a certain amount of fuzziness, combined with an erratic 
movement across the held of view, calling for great care in making the micrometer 


setting, such an observation receiving a weight of 5du to 7 du, the figures indi 
cating the difficulty of setting, and the letters the appearance of the object, “d” 
meaning diffused and “u” unsteady. 

Some years ago, the writer, for quite another purpose, was cager to find 
out the weights given to observations at observatories at various parts of the 
world and arrived at a mean result of 6. 


\t the Melbourne Observatory there is a certain type of detinition which 
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compels the observer to weight his observations as low as 2 to 5du, so that the 
images are slightly larger than normal, and have much the appearance of being 
viewed through running water. When such are the observing conditions the ob- 
server can safely say that the following day will be cloudy with rain probable; 
undoubtedly, therefore, such definition is associated with some approaching 
meteorological change. Somewhere about 1890 an American amateur astronomer, 
using the sun and moon for his purpose, was able to predict the direction of the 
wind for the following day, by carefully noting the progress of the ripples, which 
can be seen round these luminaries, and carefully charting them. 

This phase of astronomy has been overlooked for a long time; no one seems 
to have bothered much to seek for the conditions that make atmospheric definition 
so variable. Here, then, is a chance for the amateur, with very moderate equip- 
ment, to render real service by correlating the following meteorological conditions 
with the preceding definition. : . 

G. H. WoopHouse. 

Melbourne, Australia. 





Eyepieces—Low and High 

The writer was much interested to note that the late Mr. Warner of the 
celebrated firm of Warner and Swazey, when on a visit to the Lick Observatory, 
especially asked that he might see the four objects, which, it so happened, he had 
never seen, namely: the double companion of y Andromeda; the faint star within 
the annular nebula of Lyra; the dark sky between the stars in the great cluster 
in Hercules; and the fifth satellite of Jupiter. Dr. W. W. Campbell laughingly 
replied that that was some proposition; but he actually delivered the goods in full; 
and Mr. Warner saw all that he requested. 

Now the amateur must be content to limit himself to the possibilities of his 
equipment,—small apertures, and limited powers; but there is an old rule of Edi- 
son’s to the effect that, when one is trying out new stunts, he must be careful to 
try all of the tests except what he knows to be absolutely foolish; but before he 
gets through, he must be sure to try that too. And that is my sole excuse for this 
short bit of tyroism, with its almost incredible results. 

First, as to the use of very low powers. The writer is one of those who must 
confess frankly to a great delight that he finds in the seeing of things beautiful 
in themselves, and simply for the beauty they reveal. And here I wish to empha- 
size what is usually neglected, namely, the startlingly dramatic effect of seeing 
all of such groups of stars as the Pleiades in one field. I have often watched this 
group in my old, 2-inch, binoculars (Lemaire, Paris, about 1885); and I have 
never seen any more beautiful astronomical object in any telescope; and I have 
seen the Saturnian system in the Lick 36-inch. This was the basis of my trying 
out very low powers on my little Mogey 3-inch. This glass is not a really first- 
class one, from the standpoint of the critical professional, as it gives only about 
fifty-fifty results on its concentric rings, as noted in “The Telescope” by the late 
Dr. Louis Bell; but my glass must be a fair one, judging from the results given 
herewith. While I have used low powers like 15 or 20 mostly on the Pleiades, yet 
there are hosts of others that are inviting, such as “The Beehive” in Cancer; Eta 
Telescopii, just east of the tail of Scorpio, and many others, with many fields in 
the Milky Way. I wish merely to call attention of all amateurs to this field of 
possible pleasure. What such use might do with larger telescopes can be only 
imagined. 

High-Power and “Microscopic 


’ Eyepieces. My attention was called to this 
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subject by a chance remark somewhere to the effect that a low-powered micro- 
scope might be used as the eyepiece of a telescope, but that the results were of 
doubtful value. But I also chanced to recall that, in the 90’s, I had seen an article 
in Nature, showing how a cunning observer had used some such contraption, with 
a small telescope, and actually got fine results in watching such things as birds, 
insects, etc., from almost incredible distances; and though such instruments were 
shortly after that advertised in Nature, the subject seems to have been dropped; 
and I failed to find anything definite on it in my available literature. In my copy 
of Fath’s Astronomy, 1926, on p. 45, I note that, after describing both positive 
and negative eyepieces, he says, “other and more complicated eyepieces have been 
devised, but as they are more expensive they are not in such general use’; and 
while some of those here referred to may be of the “microscopic” type, yet I am 
rather inclined to think that this whole matter has been neglected, from the stand 
point of amateurs; for my results were obtained with very cheap eyepieces, and 
were most astonishing. 

First, at hap-hazard, I put two plain lenses together in a short paper tube. 


with an old 1-inch lens (my boyhood microscope, and the eyepiece of my boyhood 


telescope), for the eyepiece; and for the objective, simply an old and discarded 
“bullseye” lens from an old 10-cent flashlight; these two lenses made my micri 
scopic eyepiece. Of course, I had to stop down the bullseye lens with small 


diaphragms and the resultant power for it all, as a microscope, was about 24-fold 
magnification. When I tried this out on my 3-inch Mogey, I was surprised to 
find that it made a most excellent terrestrial eyepiece, with objects not inverted, 
and also with most clear definition. Many objects, from half a mile to five o1 
ten miles distance behaved finely, both by day and also at night, so it encouraged 
me to try it out on the stars. 

Microscopic Eyepiece on the Stars. The first thing that I tried was naturally 
that entrancing double-double, «Lyrae. Now I have often seen one of the fine 
doubles with my best positive eyepiece, but not both, power 26; but with this new 
microscopic eyepiece, power about 400 plus or minus, I clearly got both the 
doubles. Then I tried it on Polaris. Now the companion of Polaris has always 
been a hard one with my eyes; even in 6-inch telescopes it does not look bright; 
but with my new eyepiece, I could clearly see the companion thrown out beyond 
the diffraction rings of the bright star. And with Antares, I actually saw the 
bright red center, and the bright green companion fairly well separated,—not with 
“Zeiss Definition” to be sure, nor without much chromatic distortion; but with 
the result of separation. Of course there are limits to this; and € Bootes gave 
only a bright chromatic band, merely suggesting separation. So much for the 
stars; where my guess is that this eyepiece does its work by separating the images, 
distorted though they be, and highly chromatic, far enough from each other to 
get some separation; but it will not work so well on stars that are too bright. 

The Moon with the Microscopic Eyepiece. I had mentioned this new work 
mine to a friend, Mr. Fisher, Junior, of the Fisher Scientific Co., and he was s 


interested that he gave me a small pocket microscope, of German make just intro 
duced on the market. This, marked for a power of 40, when put on my 3-inch 
Mogey, showed the moon with so many details that it seemed a new object to me; 
which justifies my anticipation that it will work wherever there is light enough 
but not too much, and much contrast and relief. 


The Planets. So far I have obtained no good results with Jupiter or Mars; 
and I would not expect to. But I would ask all amateurs to try this, and give me 
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their results and their criticisms; and for the real professionals, I would most 
humbly and respectfully ask that they tell us amateurs if they are using the same 
thing under another name; for it is my distinct guess that this eyepiece might 
be used on occasions, even with the largest glasses or reflectors, as in the separa- 
tion of close and faint doubles, or in the visual search for such fine things as the 
faint satellites of the planets, where wide separation might seem to be a _ pre- 
requisite. ' ; 
CHARLES SKEELE PALMER 
Pittsburgh, Pennsylvania, June 22, 1931. 





Zodiacal Light Notes 


By W. E. GLANVILLE 


During the past month prevailing cloudiness has interfered with observations, 
On the following dates the morning Zodiacal Light was observed: December 15, 
16, January 14, 15; the evening Zodiacal Light on December 29, 30, January 10, 13. 


MornineG ZopiAcaAL Ligut. On December 15 at 5:30 Alpha and Beta Librae 
were covered; Spica was on the south edge; Zeta Virginis was on the north 
boundary; the Light narrowed towards Regulus and could not be traced farther 
west, probably because of Jupiter. 

On December 16 at 5:15 the range of the Light northward was extended to 
Alpha Serpentis. ‘rom Spica the Light was strong to Gamma and Eta Virginis, 
thence faint and narrow to Regulus. At 5:40 with the oncoming of dawn the 
faint section from Gamma Virginis west disappeared. From Spica to the horizon 
the brightness increased and the Light took on a broad-based beehive shape. 

On January 14 at 5:00 A.M. the head of Scorpio including Antares was cov- 
ered. The northern boundary passed slightly north of Zeta Ophiuchi. Alpha and 
Beta Librae were covered. At 5:40 Alpha and Beta Librae were clear of the 
Light; also the head of Scorpio was clear and the north boundary passed about 
5° south of Gamma Ophiuchi. Thus during the time of observation the body of 
the Light had swung northward and except on the horizon was clear of the 
ecliptic. 

On January 15 at 5:20 a similar shift of the body of the Light northward was 
observed. 


EvENING ZopiAcAL Licgut. On December 29 at 6:15 p.m. the Light was seen 
as far east as Aries. The north boundary was indicated by Alpha and Beta 
Aquarii, the south by Delta Aquarii which was clear of the Light and Delta Capri 
corni on the edge. Color: grayish, smoky. Light was markedly north of the 
ecliptic so far as determined by the central axis. No evidence was seen of the 
so-called permanent band between the Pleiades and Hyades. Sky was entirely 
cloudless. At 7:45 the stubby eastern end of the band was pointed straight at 
the Aries asterism, thus suggesting a move northward as compared with the posi- 
tion at 6:15. On December 30 the luminosity was much greater than on the pre- 
ceding evening, brighter than the galaxy area between Cassiopeia and Cygnus 
On January 10 at 6:25 the Light was blurred and diffuse due perhaps to moon- 
light and Venus. At 8:30 Gamma and Alpha Pegasi were covered by the north 
boundary. It is interesting to note that an observer in the tropics on the same 
meridian and at the same time would have seen the Light as a band arching the 
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sky with the south boundary of the Square of Pegasus clear of the Light. On 
January 13 at 7:00 P.M. by screening off the five-day-old moon the north boundary 
was seen passing just south of Alpha Pegasi along 5° north of Alpha Aquarii, 
thence spreading northward to the horizon. No determination of the south bound 


ary was possible on account of dense haze. 


GEGENSCHEIN. On January 14 at 5:20 A.M. the Gegenschein, extremely fa 


it, 
was seen southeast of Pollux; estimated diameters, 10° east and west, 8 north 
and south. The object, so to speak, stood alone; no band east or west could Ix 
detected. 

Recently the writer had an opportunity to read the reports of Capt. F. J 
3Zayldon, R.N.R., who from 1889-1899 studied the Zodiacal Light during his 
voyages on board the R.M.S. Aorangi plying between Sydney, Australia, and Van 
couver. He says that the Zodiacal Light is seen best at sea and that he found 
conditions better on the Pacific than on the Atlantic. During his decade of ob 
servations he found that in tropical latitudes the Zodiacal Light is visible as a 


band reaching across the entire sky throughout the night. A very important stat 
ment, the result of careful and frequent observations, is as follows 
“As the western cone sets and is followed by the band, the band assumes a 


cone shape (very faint in intensity).” He also noticed that the displacement of 
the central axis, northward or southward, is greatest at small elongation fron 
the sun and decreases as elongation increases to opposition. 

During February the Gegenschein may be observed passing through Cancer 
to west of the Sickle of Leo. The evening Zodiacal Light will be well placed for 
observation and reports will be welcome. 

The Rectory, New Market, Maryland. 


General Notes 


Professor H. H. Plaskett, of the Harvard College Observatory, has recent 


been appointed to the Savilian professorship of astronomy at Oxford Universit) 


as successor to the late Professor Herbert Hall Turner. This professorship with 
a similar one in geometry was founded in 1619 and has been held since that time 
by such illustrious persons as Wren, Gregory, Bradley and others. Prof 

H. H. Plaskett is the son of Professor J. S. Plaskett, director of the Dom 
\strophysical Observatory at Victoria, British Columbia 


29 Canis Majoris, A Probable White Dwarf Star 


Chere are two distinct theories of the origin of stellar energy 
ing the field. The first, and most widely held, is that the source of the enet 
the stars is the annihilation of matter. This theory is associated particularly with 
the names of Eddington and Jeans. The second theory, associated particularly 
with the name of R. d’E. Atkinson of Rutgers University, is that transmutation 


of the various elements, and particularly the transmutation of hydrogen 


is the source of stellar energy. 


The writer will not go into detail concerning the relative merits and demerits 
of these two rival theories as the space does not permit. There is one thing ap 
parent, however. That is this. lf the annihilation theory holds good, st ill 
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radiate its mass away until nearly nothing is left. Therefore, all or nearly all 
white dwarfs, will be stars of low mass. On the other hand, by the Atkinson 
theory, as soon as the hydrogen supply of a star is exhausted, or nearly so, it will 
contract away from the main sequence, and end up as a white dwarf star, even 
though it have the mass of a super-giant. Therefore, if the source of energy is 
the transmutation of the elements, and not the annihilation of matter, one should, 
upon examining a list of spectroscopic binaries, find some pairs of stars of very 
high mass indeed, yet of rather low luminosity. 

The writer found one very interesting star, apparently of this type, the 
O-star, 29 Canis Majoris. According to Russell, Dugan, and Stewart, while the 
mass function of the star is 4.58, the absolute visual magnitude is —0.8. The star 
is not an eclipsing variable, so 70 degrees is roughly the highest value that can be 
assigned the inclination of the orbit to the plane of the sky. Assume 70 degrees 
to be the actual inclination. 

Only one spectrum is visible. Judging from the evidence of visual binaries, 
and of spectroscopic binaries with two sets of lines visible, the greatest mass that 
can be assigned the invisible star is one-half the mass of the brighter one. There- 
fore, under these assumptions the mass of the brighter star comes out 112 times 
that of the sun’s; and the mass of the fainter one 56 times that of the sun. 

These are somewhere near the lower limits of the masses, which may be much 
greater, but cannot well be very much smaller. The spectrum of 29 Canis Majoris 
is O7e, which corresponds roughly to a temperature of 19,000C. Using this 
temperature, an absolute magnitude of —0.8, and a mass 112 times sun, we find, 
using the formula on page 732 of Russell, Dugan, and Stewart's Astronomy, that 
the diameter, volume, and density of the star with the visible spectrum are 1.84. 
5.76, and 18.6 times that of the sun, respectively. 

From the mass luminosity law we find that a star of mass 112 times sun, and 
surface temperature 19,000 C would have an absolute magnitude of —8.2. 

This is 900 times as bright as 29 Canis Majoris actually is. Since for a given 
temperature the radius of a star varies as the square root of the luminosity and 
the volume as the cube of the radius, it is found that 29 Canis Majoris is 27,000 
times as dense as a normal star of its mass and spectrum. 

Such stars of high mass and low luminosity would not be easily detected save 
as spectroscopic binaries, for if the masses could not be measured directly, resort 
must be had to spectroscopic peculiarities which might be very hard to detect and 
interpret. Also, if the massive white dwarfs are as rare as the super-giant stars, 
there would be very few in the catalogues as they cannot be seen at great dis- 
tances. Therefore it is not surprising that only one high mass white dwarf was 
found among the spectroscopic binaries, some three hundred in number, available 
for the writer’s study. 


Noan W. McLeop. 
Christine, North Dakota. 





Astronomy as a Panacea.—In the mind of the writer of an epitaph which is 
to be found in a cemetery at Muscatine, Iowa, astronomy is not only one of the 
exact sciences but also the sine qua non for the upbuilding of society and civiliza- 
tion. The epitaph reads as follows: “Let us get out of the ruts of the dark ages 
which have kept us in ignorance and bondage so long. 

“Teach the young people astronomy that they may get the right conception of 
the universe and our Creator.” 
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Summary of Sun-Spot Observations at 
Mount Holyoke College, 1931 


North of Equator 


General Notes 


No. of No. of Av. No. of 

Mont Obs Groups Lat. Groups 
January 19 3 + 9°] 1 
Februar) 16 10 10.1 3 
March 15 7 6.9 4 
April 18 12 9.3 3 
May 16 8 9.2 2 
June J 1 5.6 0 
September 7 3 11.0 0 
October 18 2 13.5 2 
November 12 5 '.2 3 
December 9 4 + 8.8 l 
133 55 19 


Average number at one observation 
Average latitude of groups north of equator 
Average latitude of groups south of equator 


No spots were found on 16 days of observation. 


South of Equator 


Av. Av. No. New 
Lat. at one Obs. Groups 

-19°3 ).94 4 
6.5 2.81 13 
10.8 2.13 10 
4.7 2.78 14 
14.9 1.69 9 
1.00 ] 
bas 1.40 3 
14.2 0.94 3 
ey 1.42 8 
1.0 0.67 5 
70 

1 68 

1.9°4 

8°6 


No record was kept from June 7 to September 22. 
Most of the observations were made 


John Payson Williston Observatory. 


" 
Ci. 


(From a paper by John A. Moroney in Bulletin A 


OBITUARY 
C. J. Merfield, F. R.A.S. 


by 


Astronomical Society of Victoria.) 


e tragic death on January 23, 1931, as the result of 
Merfield, F.R.A.S., Chief 
tory and a well-known figure in the Astronomical Society 


Assistant 


\str 


m 


er at 


1 
tne 


ANNE S. Yor 


Miss Helen Porter. 


NG. 


10 of the 


Melbourne Observa 


of Victoria, came as 


a motoring accident of 


al 


severe shock to everyone who knew him. It was on his way to Stawell that the 
fatal accident occurred. Mr. Merficld was a native of Stawell and had not re 
visited the place for many years. It is a curious irony of fate that he should dic 
while on a journey to Stawell for the purpose of supervising the erection of a 
sun-dial which he had designed. 

He was an Australian authority on eclipses and prepared the local data for 


most ¢ 
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f the eclipses occurring in or near Australia. 
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He was a Life Fellow of the Royal Astronomical Society of London, being 


elected in 1896; and a member of the 
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chaft. When the 


He was also one 


Astronomical Society 


Mr. Merfield was the first president and fille 
His outstanding hobby was his ability as an amateur photographer and here 


he secured many prizes and awards. 
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Mitglied 
Victoria 


being published in the well-known “Photograms of the Year. 
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His work secured international recognition, 
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Book Reviews 


Astronomische Beobachtungsmethoden. Dr. J. Stobbe, 8 vo, 180 pp. (Urban 
& Schwarzenberg, Berlin, 1931. Price 11 marks.) 

This book is a part of a vastly greater work, Handbuch der biologischen 
Arbeitsmethoden, which is being published by Prof. E. Abderholden of the Uni- 
versity of Halle in collaboration with nearly a thousand scientitic workers in the 
various fields. The portion under consideration deals only with astronomical 
methods of observation. It is divided into two main parts, the one dealing with 
astrometrical and the other with astrophysical methods. The subjects considered 
range from methods for developing a fundamental star catalog to observations 
of the sun by means of the Hale spectrohelioscope. The purpose of the book is 
not so much to give detailed and technical information as to describe the methods 
involved in such a manner that a reader with a reasonable general scientific train- 
ing may follow the argument without difficulty. There are 49 cuts and 2 plates 
by way of illustrations. References to original sources of information are num- 
erous. The book can be recommended to all who desire information in the field 
treated and who have a reading knowledge of the language. E.A.F. 

Practical Astronomy, by Jason John Nassau. (McGraw-Hill Book Com- 
pany, Inc. Price $3.00.) 

This is the most recent book in the McGraw-Hill Astronomical Series. Its 
publication date is 1932 which shows that it is brand new. This volume consists 
of 221 pages and an index. It is divided into fourteen chapters which treat such 
subjects as time, latitude, azimuth, longitude, instruments. 

It opens with an introductory chapter of eight pages which familiarizes the 
reader with the materials with which astronomy has to do. In the second chapter 
the several systems of coOrdinates are presented and explained as lines of refer- 
ence. Four chapters are devoted to time, including the determination of it. At the 
close of the several chapters are found lists of problems for the purpose of putting 
into practice the principles presented. 

The text is interspersed with numerous figures and photographs which aid the 
reader in comprehending the subject. The book is printed and bound in the usual 
style of the McGraw-Hill books and shows the usual careful and skilled work- 
manship. The book will be found well suited to courses arranged for the purpose 
of acquainting the student with the methods of routine work which is carried on 
at practically all of the large observatories. 


The Universe in the Light of Modern Physics, by Max Plank. (W. W. 
Norton and Company, Inc., New York City. Price $2.00.) 

The reading public has, in the last few years, become acquainted with the 
names of several persons who are leading in the modern scientific advances which 
are startling to some, astonishing to others, and mystifying to still others. One 
of these names is that of Dr. Max Planck, Professor of Theoretical Physics at the 
University of Berlin, and the author of the book before us. Because of the 
prominence of the author one may take up this volume with the assurance that he 
is to find in it statements which are authentic and well considered. Nor is he 
disappointed. Moreover, as is naturally the case, the one who has grasped most 
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thoroughly the significance of the ideas which he is treating is best able to ex- 
pound them most clearly. The volume of 114 pages is devoted to an exposition 
of the major two new ideas of physical science, namely, relativity and the quantum 
theory. The former of these the author regards as not necessarily revolutionary, 
but the latter does involve new concepts and “unequivocally denies certain funda- 
mental viéws which are essential to the whole structure of the classical theory.” 


The material is printed in clear, easily readable type, and the pages are not 


filled with mathematical symbols, so forbidding and so discouraging to the non- 
mathematically trained person. The ideas being new cannot, however, be fully 
understood without an effort on the part of the reader. But the book affords an 
excellent opportunity for those who are willing to put forth the effort to exercise 
their powers of analysis and comprehension. The translator, Mr. W. H. Johnston, 
has conferred a favor upon those, whose reading is limited to the English 
language, by bringing the writings of so prominent a scientist within their reach. 

Publications of the Yerkes Observatory, Vol. VI. Micrometric Measures 
of Star Clusters, by Edward Emerson Barnard. (The University of Chicago 
Press. Price $4.00.) 

The fact that from time to time since his death in 1923 important publications 
have appeared, based upon his observations, is an indication of the enormous 
amount of work accomplished by Professor Edward E. Barnard. The present 
volume is issued under the editorship of Edwin B. Frost, George Van Biesbroeck, 
and Mary R. Calvert. It consists of 106 octavo pages and contains an introduction 
and micrometric measures and rectangular coordinates of the stars in eighteen 
clusters. “In an appendix are given the measures extending from 1897 to 1922, 
more than five hundred observations, made to determine the difference in declina- 
tion of Atlas and Pleione. This exhaustive investigation shows the thoroughness 
of the data used in compiling this volume and characterizes it as entirely depend- 


able and consequently extremely valuable 





Johann Kepler, 1571-1630, A Tercentenary Commemoration of his Life and 
Work. Prepared under the auspices of The History of Science Society. (The 
Williams and Wilkins Company, Baltimore, Md. Price $2.50.) 

\s the subtitle indicates, this volume is an account in permanent form of com 
memorative exercises held by The History of Science Society in joint session with 
Sections A, D, and L of the American Association for the Advancement of Sci 
ence, at Cleveland. Ohio, on December 31, 1930. It contains as its main features 
the text of addresses presented on that occasion by Professor W. Carl Rufus, 
Kepler, as an Astronomer; by Professor D. J. Struik, Kepler as a Mathematician; 
Professor E, H. Johnson, Kepler and Mysticism; and also a Bibliography of Kep- 
ler’s Works, prepared by F. E. Brasch, the secretary of the Society. The addresses 
afford very interesting reading matter concerning this picturesque character who 


possessed unusual genius and insight. 


Sir Arthur Eddington, in a brief introduction, say f him: “I think it is 
not too fanciful to regard Kepler as in a particular degree 1 forerunner of the 
modern theoretical physicist. . . . It is only in the latest years that we have gone 
back to something like Kepler's outlook, so that the musi f the spheres is no 


onger drowned by the roar of machinery.” 


The bibliography, which does not claim to be exhaustive, nevertheless con 





tains more than eig] 





itles of original papers showing the versatility and produc- 
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tivity of this man. There are also nearly one hundred references to commentaries 
upon his works, showing how profoundly his work influenced the thought of his 
time and the succeeding period. 

For those who are interested in tracing astronomical thought through the 
centuries, this volume will fill an important place. 





Cosmic Distances, and The Home of our Solar System in the Cosmos 
are the titles of two pamphlets of approximately fifty pages each which have re- 
cently been received. They are written by Robert Hensling and issued by the 
publishing house called “The Iron Hammer,” Leipzig. The price is 1.2 marks. 
These pamphlets contain descriptions of the more familiar objects in the sky, and 
are profusely illustrated. The author and publisher are to be congratulated upon 
the fine manner in which the best celestial photographs which have been made are 
here reproduced. The German people, and all who read German readily, will find 
in these pamphlets a source of much interesting information. 





Publications Received.—The publishers of PopuLAr Astronomy hereby ac- 
knowledge the receipt of the following named publications and express their great 
appreciation of the courtesy shown on the part of those who have sent them. 


1. Publications of the Yerkes Observatory, Vol. VII, Part 1. Radial Velocities 
of 500 Stars of Spectral Class A, by Edwin B. Frost, Storrs B. Barrett, and 
Otto Struve. This may be purchased from the University of Chicago Press, 
price $1.50. 

Photographische Sternkarten (Palisa-Wolf-Karten), Series XI (pages 201- 
210). These charts have been issued by and may be secured from Dr. J. 
Rheden, Tiirkenschanzstrasse 17, Vienna. Price 15 marks. 

3. Publications of the University Observatory at Berlin-Babelsberg, as follows: 
Volume VIII, Part 5. The Bright Stars and the Rotation of the Galaxy, 

by K. F. Bottlinger. 


Volume VIII, Part 6. Investigations concerning Short-focus Photographic 
Objectives and their Use in Observing Variable Stars, by H. Schneller. 

Minor Publication, No. 10. Catalog and Ephemerides of Variable Stars for 
1932, by R. Prager. 

Volume IX, Part 1. On the Theory of Variation of Meteor Radiants, by C. 
Hoffmeister. 


Volume IX, Part 2. Photographic-Photometric Study of the Bright Fixed 
Stars, by A. Brill. 
4. Photographic Magnitudes of Stars Brighter than 14™.0 in Kapteyn’s Selected 
Areas, Royal Observatory, Greenwich, under the direction of Sir Frank 
Dyson. 








